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. Con-RapD provides a comprehensive and 
‘expert program for the control of 


radiation hazards as they are encountered in 
nuclear-reactor operation, uranium ore mining and willie 


fuel fabrication and reprocessing, 
radioisotope laboratories, 

particle accelerators, and 

high-level gamma irradiation facilities. 


The utilization of 

Con-Rap’s coordinated services 
assures that governmental regulations 
are being fully complied with 

and that optimum protective measures 
for employees and the general public 
are installed and maintained. 


Two brochures are available.on request: 
S-1 — Radiation Hazards Protection Program; 


S-2 — Applied Nuclear Research and 
Radioanalytical Services. 


CONTROLS for RADIATION, inc. 





RADIATION HAZARDS 
PROTECTION SERVICES 


Hazards Summary Report 


Pre-operational Radioactivity 
Surveys 


Radiological Safety Education 


Radiation Protection Procedures 
and Standards 


Leasing of Monitoring 
Instrumentation Systems 


Film Badge Service 
Bio-assays for Radioactivity 
Operational Surveys 


Proposais will be made without 
obligation for a program involving 
any or all of the above services. 


130 Alewife Brook Parkway, Cambridge 40, Massachusetts 
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Recent and forthcoming titles of importance . . 


TRACE ANALYSIS 


Edited by JOHN H. YOE, University of Virginia; and 
HENRY J. KOCH, JR., formerly of Sloan-Kettering Insti- 
tute. Collects the papers presented at a symposium on trace 
analysis held at the New York Academy of Medicine. Re- 
flecting the work of 24 international experts, this book 


brings together most of the methods used today in trace 
analysis. Covered are methodology, instrumentation, sep- 
arations, concentrations, and contamination hazards. Many 
references to original papers, books, and review articles. 
1957. 672 pages. $12.00. 


GENERAL ZOOLOGY 


By MARY J. GUTHRIE, Wayne State University; and 
JOHN M. ANDERSON, Cornell University. The mate- 
rial that has been derived from the earlier Curtis and 
Guthrie text has been almost entirely rewritten, reoriented, 
and extensively revised in the light of recent developments. 
In addition, much new material has been added, both. in 


content and illustration. The first six chapters deal with 
structure, function, and biological principles as they apply 
particularly to vertebrates; the remainder of the book 
considers general topics such as classification, ecology, and 
evolution. 1957. 708 pages. $7.50. 


LABORATORY DIRECTIONS IN GENERAL ZOOLOGY 


By MARY J. GUTHRIE and JOHN M. ANDERSON. 
Clearly written, comprehensive laboratory directions for 
work with all the major groups of animals. The manual is 


divided into sections dealing with cohesive groups, not 
arbitrarily divided into chapters tailored for completion in 
an individual laboratory period. 1958. 233 pages. $3.50. 


THE TAO OF SCIENCE: An Essay on Western Knowledge and Eastern Wisdom 


By R. G. H. SIU. Examines three major contemporary 
problems: (1) How can understanding be reached be- 
tween the modern West and the ancient East? (2) How 
can the perennial question of morality in science be re- 


solved? and (3) How can we harmonize specialized train- 
ing with a broad appreciation of life? A Technology Press 
Book, M.1.T. 1958. 180 pages. $4.25. 


INTRODUCTION TO PROTEIN CHEMISTRY 


By SIDNEY W. FOX, Florida State University; and 
JOSEPH F. FOSTER, Purdue University. Treats the fun- 
damental aspects of protein chemistry and indicates ways 
in which knowledge of this subject is basic to such fields as 


biology, nutrition, and food technology. In their step-by- 
step development the authors provide a broad coverage of 
amino acids, peptides, and proteins. 1957. 459 pages. $9.50. 


LIGHT, COLOR AND VISION 


By YVES LE GRAND, Museum National d’Histoire. 
Translated by J. W. T. WALSH, R. W. G. HUNT, and 
F. R. W. HUNT. In this classic work the author covers 
his material from both the historical and synthetic points 
of view, and offers a wealth of information and numeri- 


cal data concerning the response of the eye to radiation. 
The first part of the book gives a purely physical approach; 
the second part deals with the various theories of vision. 
1957. 520 pages. $11.00. 


QUALITATIVE TESTING AND INORGANIC CHEMISTRY 


By JOSEPH NORDMANN. Offers a rigorous, up-to- 
date coverage of qualitative analysis, requiring no additional 
problem books or laboratory manuals. Assuming a sound 
background in general college chemistry, the author treats 


the chemistry of the metals, some topics in ‘modern’ in- 
organic chemistry, the elaboration of equilibrium systems, 
and the qualitative testing of selected cations and anions. 
1957. 487 pages. $6.25. 





Two new Methuen Monographs . . . 
CALCIUM METABOLISM 


By J. T. IRVING, University of the Witwatersrand. Gives as fully 
rounded a picture as possible of the essentials of calcium metabolism 
and also includes information on phosphorus metabolism. No attempt is 
made to deal with clinical aspects except where they illustrate physio- 
logical principles. 1957. 177 pages. $2.75. 


IONIZATION AND BREAKDOWN 
IN GASES 

By F, LLEWELLYN-JONES, University of Wales. A brief account 
of the fundamental physics of the electrical breakdown of gases. The 


book deals almost exclusively with DC breakdown and takes into ac- 
count work carried out in recent years. 1957. 176 pages. $3.50. 


Send today for your examination copies 


JOHN WILEY & SONS, Inc. 


440 Fourth Avenue, New York 16, N.Y. 





SCIENCE is published weekly by the AAAS, 1515 Massachusetts Ave. 


NW 
matter under the act of 3 March 1879. Annual subscripti 
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, Washington 5, D.C. Entered at the Lancaster, Pa., Post Office as second class 
ons: $8.50: 


foreign postage, $1.50; Canadian postage, 75¢. 
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COLLEGES AND UNIVERSITIES 
COMPLETE NUCLEAR 


A typical student nuclear engineering laboratory. 
At the left background is a well scintillation 
counter, scaler, and timer. On the same bench 
at the right is an automatic strip foil analyzer. 
An alpha survey meter and beta-gamma survey 
meter rest on top of the bench. 


To the right, in front of an automatic gamma-ray 
recording spectrometer, a student surveys the 
area with a portable slow/fast neutron monitor. 
At the reactor, students make measurements 
within the uranium lattice with BF3 counters. 


At the right a student uses a scintillation de- 
tector in a manual sample changer. Beside him 
are two student counting systems. On the table 
in the foreground is an ion chamber type survey 
meter. These instruments, manufactured by 
Nuclear-Chicago, are all typical nuclear training 
tools which will contribute importantly to any 
nuclear engineering curriculum. 





Instructor demonstrating insertion of aluminum 
tube into grid assembly in the Model 9000 Stu- 
dent Subcritical Reactor. 275 of these tubes, con- 
taining uranium fuel in the form of 1” x 8” slugs, 
are arranged in a hexagonal pattern in the reactor. 
Since the moderator is water, students actually 
can see the exact position of a detector or foil 
placed at any point within the uranium lattice. 
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..NOW YOU CAN HAVE YOUR OWN 
2 TRAINING LABORATORY 


1 Nuclear-Chicago announces a completely new package program to provide exclusive subcritical 





reactor, all nuclear instrumentation, and detailed experiments for your nuclear technology program 











Now you can answer this country’s critical need 
for trained nuclear scientists and engineers by 
instituting a complete Nuclear-Chicago equip- 
ped laboratory and training program. 

Key unit in this comprehensive “‘package”’ lab- 
oratory is the new Model 9000 Student Sub- 
critical Reactor. Water-moderated, and using 
a neutron source and natural uranium as the 
fuel, the Student Reactor is absolutely safe to 
operate, simple in construction, inexpensive to 
maintain, and ideally suited for teaching pur- 
poses. The entire assembly is installed with a 
walkway to provide easy student access to the 
reactor’s interior. 


Complementing the Student Reactor is a care- 
fully selected, integrated group of radiation 
detection and recording instruments. Designed 
for both group and individual experiments, the 
instrumentation includes gamma-ray scintilla- 
tion spectrometer assemblies, fast and slow 
neutron counting systems, foil counters and an- 
alyzers, student alpha, beta, gamma counting 
systems, and portable monitoring instruments. 


Nuclear-Chicago supplies a manual providing 
detailed instructions on more than 30 nuclear 
experiments directly related to the Student 
Reactor and associated nuclear instrumenta- 


tion. Experiments are designed to familiarize 
students with basic nuclear detecting and meas- 
uring devices and analytical methods, and to 
provide actual reactor work in determination 
of neutron flux, neutron activation, and other 
reactor properties. A typical course outline will 
be supplied by Nuclear-Chicago and special 
programs can be prepared to meet the par- 
ticular needs of any educational institution. 


Nuclear-Chicago is the only manufacturer able 
to provide a Student Reactor, complete instru- 
mentation, and the nuclear course curriculum. 
For full information, write Nuclear-Chicago 
today expressing your interest in this vital ad- 
dition to your training and teaching facilities. 
A representative will call on you, explain com- 
plete details of the AEC assistance program, 
and give help on making requests for funds and 
fissionable materials from the Atomic Energy 
Commission. 


a” 


B nuclear - chicago 
® 


237 WEST ERIE STREET * CHICAGO 10, ILLINOIS 








Instructor loads reactor with neutron 
source which is generally placed in the 
center of the uranium lattice. Calibrated 
mechanism supplied with the reactor may 
be used to position source anywhere within 
the structure for experimental purposes. 


Strip Foil Analyzer is one of several sys- 
tems for group experiments. Strip foil 
activated in reactor is drawn automatically 
past Geiger tube in analyzer. Recording 
shows exponential decrease in activity 
along radius of uranium lattice. 
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Typical student counting system for indi- 
vidual experiments includes scaier, timer, 
manual sample changer with thin window 
Geiger tube, absorber set, alpha-beta- 
gamma source kit, and set of uranium, 
silver, gold, and indium foils, 
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REINHOLD PUBLISHING CORPORATION 


with forty years of service in scientific publishing 
ANNOUNCES the Establishment of a 
COLLEGE TEXTBOOK DEPARTMENT 


Ba OF THE RAPIDLY growing need for better teaching 
textbooks in science and engineering, the REINHOLD Book 
Division has established a department exclusively devoted to pub- 
lishing college textbooks. James B. Ross has been appointed man- 
ager of the new department. 


This development is a natural outgrowth of Reinhold’s long 
and successful record of publishing exceptionally high-quality 
scientific and technical reference works in chemistry, chemical 
engineering, metallurgy and physics for which it is already widely 





a 


JAMES B. ROSS 
Manager, College De- 


known and highly regarded. While many of these books have partment— graduated 

found substantial use for advanced and graduate study in col- iatvorsitg cM a at 

leges, this new step takes Reinhold squarely into the publication University of Pitts- 

burgh—7 years with 

of undergraduate college textbooks. rae ibunaeeah ane 

College Editorial De- 

Such outstanding publications as the AMERICAN CHEMICAL partments of W. B. 
Society Monograph Series, the Condensed Chemical Dictionary, Saunders Company 


the Encyclopedia of Chemistry, and scores of fine works in chemical engineering, agri- 
cultural chemistry, analytical chemistry, organic chemistry, plastics, physical chemistry, 
and physics have earned wide commendation; indeed Reinhold is today one of the leading 
publishers of reference books on chemistry and chemical engineering. Out of this experi- 
ence has developed a policy completely dedicated to the dissemination of scientific and 
technical knowledge. This dedication to sound scientific publishing is to be carried on in 
the developing college textbook program. We realize that our future growth, as certainly 
as our present position, is dependent on the service we render the ever-changing scientific 
and educational field. 


The CoLLEcE DEPARTMENT of REINHOLD Book Division will publish undergraduate and 
graduate textbooks to serve the teaching needs in the physical and biological sciences, 
engineering and related disciplines. It is pledged to maintain the highest standards of 
quality, and to give that kind of attention to the many details of editing and producing 
fine textbooks that is possible only with a specializing publisher. This will be reflected 
also in careful attention to suggestions from teachers and in the closest kind of publisher- 
author relationships. 


REINHOLD PUBLISHING CORPORATION 
430 Park Avenue - New York 22, N.Y. 

Publishers of scientific, technical, and architectural books * ACS Monographs 
Chemical Materials Catalog * Chemical Engineering Catalog 
Materials in Design Engineering * Automatic Control « Progressive Architecture 
Advertising Management for the American Chemical Society Publications 
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Magnetism, which amazed and confounded the early 
Greek philosophers, has been shorn of much of its 
mystery, but enough questions remain unanswered 
to hold the attention of many leading physicists 
throughout the world. One recognized authority on 
magnetism is Dr. Charles P. Bean, who describes his 
past work at the General Electric Research Labora- 
tory as learning how things magnetize and his pres- 
ent interest as learning why materials are magnetic. 

Dr. Bean’s interests, past and present, have led him 
to the investigation of magnetic effects near absolute 
zero, theoretical studies of new magnets made from 
submicroscopic iron particles, and new observations 
of magnetic behavior in whiskers of “perfect” metal. 













The how and why of magnets 


Dr. Charles P. Bean of the General Electric Research Laboratory 





Dr. Charles P. Bean, B.A., University of 
Buffalo (1947), Ph.D. in physics, Univer- 
sity of Illinois (1952), joined the General 
Electric Research Laboratory in 1951. As 
a member of the Physical Metallurgy Sec- 
tion, he has concerned himself primarily 
with studying the physical aspects of 
ferromagnetism. 


contributes new understanding to an age-old problem of science 


Through this and other work, he has helped estab- 
lish important new understanding of the character 
and motion of magnetic domains — regions in which 
atoms, each one an elemental magnet, are all lined up 
in the same direction. 

At General “lectric, such research is motivated by 
a belief that providing scientists with the tools, the 
incentives, and the freedom to seek out new knowl- 
edge is the first step toward progress for everyone. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 




































































































































VINTBHAOTIBIS 





Metabolism of the 
Nervous System 


Edited by DR. DEREK RICHTER, 
Neuropsychiatric Research Centre, Cardiff 


This volume contains the papers pre- 
sented at the Second International Sym- 
posium on Neurochemistry, held at Aarhus. 
Many aspects of neurochemistry have been 
covered by the contributors, whose papers 
review the advances made and discuss re- 
search problems. The volume is well illus- 
trated, and includes many plates. 


Price $16.00 


* * 


5-Hydroxytryptamine 


Edited by G. P. LEWIS, Ph.D. 


National Institute for Medical Research, 
Mill Hill, London 


This volume contains the proceedings of a 
symposium organized by the Co-ordinating 
Committee for Symposium on Drug Action. 
During the last few years the discovery of 
new facts about 5-hydroxytryptamine has 
proceeded with astonishing speed. This 
work has revealed that 5-hydroxytrypta- 
mine has an unsuspectedly wide distribu- 
tion in the body and can produce an almost 
bewildering array of pharmacological ef- 
fects. These papers give an up-to-date ac- 
count of the advances that have been made 
and the present state of knowledge of this 
drug. 


Price $9.50 





Write for fully descriptive leaflets 





Social Problem of 
Mental Deficiency 


By N. O’CONNOR and J. TIZARD, 
Institute of Psychiatry, Maudsley Hospital 


The social problem of mental deficiency 
deals with the important question of the 
care and treatment of the mentally handi- 
capped. A brief history of the principles of 
methods of treatment in the past is fol- 
lowed by a report on the authors’ research. 
This report deals with problems arising 
from the attempt to rehabilitate mentally 
retarded patients. The type of work in 
which they can be trained, the degree of 
complexity both experimentally and prac- 
tically. Reports of the success of patients 
when given the appropriate employment 
are encouraging. The treatment and train- 
ing scheme developed as a result of labora- 
tory and workshop investigation are sup- 
plemented by suggestions concerning new 
provisions both legal and administrative for 
the care of the backward. 


Price $5.00 


* * 


Hypotensive Drugs 
Edited by M. HARINGTON, M.B., M.R.C.P. 


Proceedings of a symposium on hypotensive 
drugs and the control of vascular tone in 
hypertension, held in London on April 5th 
and 6th, at the Wellcome Foundation. 


“ 


In the present volume the urgency of 
the problem and the sense of rapid devel- 
opment of this field of pharmacology and 
therapeutics are so weli conveyed by the 
authors, all actively enguged in the estab- 
lishment and development of these ad- 
vances, that it is no exaggeration to say 
that there is many a thrill to be found in 
their contributions . Dr. Harington is to 
be congratulated on his editorship . . . this 
is not a book to scan and forget—it is wor- 
thy of sustained and repeated study... .” 


Medical Digest 
Price $8.00 
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The Horse’s Mouth 


With the impact of science on society become so immediate, there is 
growing pressure from both within and without the scientific community 
for scientists themselves to speak up on happenings outside the laboratory. 
The basis for the demand is clear. In matters of morality most of us are 
utilitarians: we hold a man responsible for the consequences of his acts 
irrespective of whether what happened is what he intended. For us, good 
will is not enough. But any attempt by scientists to assume broader re- 
sponsibilities raises two hard questions—first, who is to do the talking? 
and second, what is to be talked about? Unfortunately, not all combina- 
tions of possible spokesmen and possible topics are equally innocent. 

In the question of who is to do the talking, it is helpful to divide the 
possible spokesmen into two groups. In one group are individuals who claim 
to do no more than speak for themselves, although a viewpoint may gain 
weight from the fact that the person expressing it has made an important 
contribution to science. In the other group are voluntary associations of 
scientists which may speak as associations through official representatives 
or through committees. 

In the question of what is to be talked about, it is helpful to divide the 
possible topics also into two groups. In the one group are topics which 
bear on the professional interests of scientists and which affect only in- 
directly the interests of the general public—for example, teaching salaries, 
opportunities for research, and academic freedom. In the other group are 
topics which bear more directly on the social consequences of new scien- 
tific findings and which may involve judgments about the adequacy of the 
findings as well as about public policy concerning their use—for example, 
tolerance limits for food additives and the level of radiation exposure to 
be permitted workers in atomic facilities. 

The two groups of possible spokesmen and two groups of possible topics 
combine in several ways without raising any problem unique to the impact 
of science on society. Thus, it is fair for an individual scientist to express 
his views on the social consequences of a particular finding, since this is 
but a special case of any citizen’s right to express his views on matters of 
general concern. And, it is fair for an association to seek to advance the 
professional interests of its members, since this does no violence to prac- 
tices generally accepted as proper to associations. But difficulties do arise 
when a scientific association speaks out on the social consequences of new 
findings. Although any association suffers the embarrassment of how to 
handle a minority voice, this last combination faces a special danger. 

The danger lies in the possible introduction of an authoritarian note into 
the competition of scientific ideas. Of course, there is such a thing as in- 
formed opinion. Every informed person knows that Aristotle’s physics and 
biology have been superseded by the physics of Newton and the biology 
of Darwin, which in turn have given place in various ways to newer ideas. 
But in the forefront of research, which is the area that bears most imme- 
diately on public issues, diversity of opinion rather than unity is what often 
characterizes the scientific enterprise. If there is such a thing as the party 
in power, then there is also the loyal opposition—loyal in its adherence to 
the principle that the way to settle differences of opinion is by the study 


of nature, and opposed in its interpretation of the present data.—J.T. 








BELL TELEPHONE LABORATORIES 
DEVELOPS NEW COMPACT 
COMPUTER FOR 

U.S. AIR FORCE 








SE RIR 


J. A. Githens, B.S. in E.E., Drexel Institute of Technology, and J. A. Baird, Ph.D. in E.E., 
Texas A. & M., check the control panel of Leprechaun, a new high-speed computer which 
solves extremely complex problems in one-tenth of a second. Small size and low power are 
made possible by new design principles and Bell Laboratories’ invention of the transistor. 


The United States Air Force assigned Bell Labs 
an interesting assignment: develop a new kind of 
electronic comp" ter. The major requirement was 
greater simplicity. Of course, no computer is sim- 
ple, but this one (known as ‘“‘Leprechaun’’ to its 
designers) is much smaller and simpler than most 
of the computers currently in use. 


It has only some 9000 electrical components; 
5000 of them are transistors. As a result, Lepre- 


BELL TELEPHONE LABORATORIES 


chaun has less than one-third the components of 
conventional computers. This facilitates testing, 
experimentation, assembly and service. 


Even in its experimental state, Leprechaun is 
a stimulating example of great strides in the sim- 
plification and miniaturization of circuitry ...a 
problem of profound interest to all Bell Labora- 
tories researchers as they develop radically new 
equipment for your future telephone service. 





WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 
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Psychopharmacologic Drugs 


The last few years have seen the in- 
creasing use of a new group of drugs 
effective for overactive psychotic pa- 
tients and presenting interesting and im- 
portant differences from procedures and 
drugs previously employed in the man- 
agement of individuals with such be- 
havioral disorders. In fact, in order to 
give an appropriate name to these drugs, 
it was necessary to invent a nomencla- 
ture. Many terms, all emphasizing one 
or another aspect of the actions of these 
drugs, have been devised. The one most 
frequently used is tranquilizer, indicating 
a sedative or calming effect without en- 
forcement of sleep. Others are ataraxic 
(1), denoting peace of mind, and neuro- 
leptic and neuroplegic, indicating dimi- 
nutions in the intensity of nerve func- 
tion. This group of drugs, however, may 
be regarded as an advance guard of a 
long-awaited pharmacologic attack not 
limited only to hyperactive disturbed pa- 
tients, but also to be directed against 
other types of behavioral disorders. To 
this division of drugs the term psycho- 
tropic (2), or action on the mind, has 
been applied. Neuropharmacologic refers 
to the branch of pharmacology to which 
these drugs belong. The title psychophar- 
macologic drug (3, 4), possesses certain 
advantages, for it indicates a medicine 
which influences the mind by affecting 
its morphélogic substrate, the brain. 

The chiéf usefulness of the new drugs, 
which at present lies in the field of psy- 
chiatry, is being extended into the many 
medical and surgical specialties. It is true 
that adrug not only changes: favorably 
the malfunction of the organ for which 
it is intended but also acts, perhaps to a 
lesser extent, on the entire body. Either 
indirectly, by their influence on the brain, 
or by their influence on the peripheral 
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nerves, the new drugs exert potent effects 
on the viscera of the body, including the 
gastrointestinal tract and the cardiore- 
spiratory system and the endocrine 
glands. 

But the impact of these new drugs has 
extended far beyond their immediate 
practical use in the management of dis- 
ease. They are also employed by the 
clinical investigator who is seeking to un- 
ravel the tangled skein of abnormal be- 
havior as well as by the psychologist who 
delves into intricacies of accepted nor- 
mal patterns. Neurochemists and neuro- 
physiologists have taken advantage of the 
tranquilizers to use them as tools in their 
investigations and meanwhile are un- 
covering their physiological actions in 
the brain and elsewhere in the body. 
These studies, made on man and lower 
animals, permit an analysis of the struc- 
ture and function of the central nervous 
system, impossible before. Not that the 
methods are new, but the tranquilization 
resulting from the application of these 
drugs has not been previously observed. 
Perhaps most important, the new drugs 
may aid in the production of a desirable 
change in our culture and remove mental 
disease from the field of mysticism and 
superstition, They may convince the pub- 
lic that mental disease is not a thing to 
be ashamed of and that it should be 
placed in the same category as any other 
disease which can be treated by medical 
means. 


Clinical Aspects 


At this time it is hardly necessary to 
emphasize the magnitude of the problem 
of mental disease. The title of Gorman’s 
recent book, Every Other Bed (5), is 
suggested by the fact that half of the 


sickbeds in our country are occupied by 
mental patients. The financial require- 
ments for the maintenance-of these hos- 
pitals are correspondingly great. The 
money comes chiefly out of the taxpay- 
ers’ pockets. Only comparatively wealthy 
families can bear the cost of maintaining 
one of their members in a private insti- 
tution. 

The growing population of our mental 
hospitals indicates that advances made 
prior to the advent of new drugs were 
not adequate to cope with the problem 
of mental disease. Much was left to be 
desired, therefore, from the therapeutic 
viewpoint. Psychoanalysis is a_ better 
weapon in the management of the 
neuroses than of the psychoses. Electro- 
shock is a comparatively severe pro- 
cedure, for electrodes are applied to the 
temples of the patient and a brief, meas- 
ured current is passed through his »rain. 
The patient becomes momentarily un- 
conscious and undergoes a convulsion. 
Electroshock greatly benefits patients 
with depression and is of value in the 
management of excessively hyperactive 
patients to maintain the uneasy status 
quo which characterizes hospitals not 
using tranquilizing drugs. Insulin hypo- 
glycemia appears to be more effective 
than electroshock for certain types of 
schizophrenia but requires highly trained 
physicians and is costly. In insulin hypo- 
glycemia, the patients receive doses of 
insulin large enough to reduce the level 
of sugar in the blood. The brain is thus 
deprived of its chief foodstuff, and the 
patient sinks into coma. Another method 
for treating the distraught patient is to 
stupefy or anesthetize him with an ade- 
quate dose of one of the barbiturate 
drugs. 

Though the immediate situation can 
thus be met, it is not necessarily followed 
by improvement in behavior. With the 
tranquilizing drugs, however, the patient 
is improved without significant interrup- 
tion of consciousness—a highly desirable 
goal in the successful therapeutic process. 
Even if his manic excitement is extreme 
and if he must be given a correspond- 
ingly large dose, which renders him 





The author is director of the research division 
of Galeslurg State Research Hospital, Gales- 
burg, II. 


59 





sleepy, he can be easily awakened and 
in general can go on with his prescribed 
hospital activities. With the new drugs, 
more patients have been returned to so- 
ciety from the state hospitals than with 
any previous therapeutic regime. We 
therefore seem to be entering a new era 
in thé treatment of mental disease, and 
it remains to be seen how far this ad- 
vance will take us. 


Schizophrenia 


What are the mental disorders to 
which these new drugs are applied? The 
field of mental disease is complex. It is 
not a case of a single mental disease. On 
the contrary, there are many categories, 
and each one includes several varieties. 
Schizophrenia is the chief disorder met 
with in our psychotic population. We do 
not know the cause of schizophrenia, and 
this makes it necessary to limit our at- 
tack on it to empirical methods. But this 
is not unusual in the history of medicine, 
for the majority of therapeutic successes 
were produced on an empirical basis; 
witness the use of quinine long before 
the plasmodium of malaria was discov- 
ered. 

Because the origin of schizophrenia is 
not known, that disease must be char- 
acterized chiefly by its symptoms. These 
are many and varied and, in general, 
may be divided into four types, which 
may change and merge into each other. 
The clinical picture is therefore not con- 
stant, and at different times the signs of 
one or another of these four types pre- 
dominate. One of the characteristics of 
schizophrenia is emotional blunting, and 
this is a prominent change in the simple 
type. The psychiatrist is quick to observe 
the diagnostic paucity of facial expres- 
sion and regards it as an outward lack of 
emotional expression or affect. Some in- 
dividuals with inadequate personalities, 
who lose one job after another, belong 
to this group of patients. Sometimes the 
patient wears a silly and inappropriate 
grin. If such a patient, like Mr. M. on 
one of our wards, exihibit restless hyper- 
activity, at least that aspect of his dis- 
order can be corrected by a tranquilizing 
drug. 

An abnormality of the thought process 
is another characteristic of schizophrenia 
and is developed most highly in the 
hebephrenic type. Sentences spoken may 
have meaning for the patient but to 
others are neither coherent nor logical. 
In the most serious distortion of the 
thought process, the spoken word ceases 
to assume sentence form and is called 
“word:salad.”” Mrs. H. replies to all ques- 
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tions with the unintelligible statement 
“16-21 telephone pole.” That phrase in- 
cludes her usual conversational limits. 
After receiving a new experimental tran- 
quilizer, she informed us, in well con- 
structed sentences, that she was born in 
a small village, consisting of six homes, 
and that her home was situated near a 
telephone pole numbered 16-21. 

Delusions or false ideas and hallucina- 
tions, or false sensory impressions, are 
characteristic of the paranoid type. Un- 
like the utterances of the hebephrenic, 
which cannot be comprehended by the 
physician, those of the paranoid patient 
are readily understood but reveal lack of 
relation to reality. Mrs. G., one of the 
patients in our hospital, has suffered in- 
tensely for a long time from well-devel- 
oped delusions of a gigantic “crime ring” 
which is out to get her, even penetrating 
into the confines of the Galesburg State 
Research Hospital. Recently, when she 
was receiving a test drug, a new serenity 
was observed in her demeanor. When 
asked about the “crime ring,” she smiled, 
made a deprecating gesture with her 
hand, and said it did not bother her any 
more, In fact, she doubted whether it 
existed. This is an evident amelioration 
and was maintained as long as the pa- 
tient remained on this medication. 

In general, hallucinations, which also 
occur in mental disease other than schizo- 
phrenia, yield more readily to these drugs 
than do delusions. Mrs. S. has placed 
cotton plugs in her ears for many years 
to shut out the voices that were so hostile 
and were giving her such a bad time. 
During a period in which she was re- 
ceiving one of the test drugs, she came 
in for an interview without the cotton 
plugs in her ears. The voices no longer 
tormented her, or at least not to the 
same extent as previously, 

In the catatonic type of schizophrenia 
there are marked distortions of motor ac- 
tivity. Stupor is one aspect, and whether 
with or without stupor, posturing and 
the assumption and maintenance of bi- 
zarre positions and mannerisms are ob- 
served, After one has raised the arm of 
such a patient, the patient may keep his 
arm up for a long time. When he walks 
he may change his direction by turning 
at right angles only. A catatonic may also 
go into a furor, a period of wild over- 
activity, and become highly destructive. 

Here we come to a very important use 
of tranquilizing drugs—namely, a calm- 
ing action which is being applied to vari- 
ous kinds of destructive patients and not 
only to combative schizophrenics. Taking 
chlorpromazine and reserpine as exam- 
ples, we find two different kinds of phar- 





macologic actions characteristic of this 
group of drugs. The first, which counter- 
acts such symptoms of schizophrenia as 
dissociated thought, hallucinations, and 
delusions, has just been described. The 
second drug effect is of a different type 
and causes a general toning down of 
emotional reactions and physical activ- 
ity. If the ability to correct the thought 
processes of the hebephrenic and the 
paranoid patients is regarded as a spe- 
cific antipsychotic power of chlorproma- 
zine and reserpine, then the use of these 
drugs to combat excessive activity may 
be considered a nonspecific result. As has 
been pointed out by Barsa, these two re- 
sults do not necessarily occur together; 
either may be observed without the other 
(6). The calming action of the drug 
cuts across the diagnostic categories of 
mental disease, for it is employed in all 
types of overactive patients, irrespective 


of the diagnosis, It can even be given to 


an individual who has no behavioral ab- 
normalities, and in such a normal person 
a reduction of activity and a diminution 
in the response to environmental stimuli 
will be noted. 


Use with Hyperactive Patients 


It must be remembered that patients 
with psychoses are sent to psychiatric 
hospitals most often because they display 
behavior which is not socially compati- 
ble. Psychotics who can carry on outside 
the hospital gates are not necessarily sent 
to such institutions. When a patient pre- 
sents behavioral disorders that menace 
the life and limb of other individuals as 
well as his own, it is essential that he 
enter a hospital where he can be prop- 
erly treated. 

Types of hyperactive patients who se- 
cure benefits from this sedative influence 
include the manic, whose disorder is 
chiefly that of mood or affect, which is 
greatly elevated; the schizoaffective, in 
whom abnormal elation is associated 
with deterioration of mental abilities; 
and the patient with a toxic psychosis, 
as in delirium tremens. These patients 
have their hyperactivity and abnormally 
increased initiative reduced to more rea- 
sonable levels so that they cease to wear 
themselves out and are no longer a trial 
to the ward attendants and their fellow- 
patients. This is a tremendous advantage 
for hospitals with highly disturbed pa- 
tients. Isolation rooms, where a danger- 
ous patient was formerly incarcerated, 
are no longer required. Mechanical re- 
straints, sedative wet packs, electroshock, 
and deep barbiturate medication are pre- 
scribed only infrequently. As a result, 
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many of these patients can now be lib- 
erated frum physical restraints as well as 
from the psychological constraints of a 
locked ward. The ward doors have been 
opened, and privileges have been given 
to many patients, permitting them to tra- 
verse hospital halls and attend various 
therapeutic activities—recreational, oc- 
cupational, and industrial. Thus, treat- 
ments have not only been made more 
humane, with greater benefit to the pa- 
tient, but have also effected improve- 
ment in the staff morale of the mental 
institutions. A hospital atmosphere is be- 
ing established in state institutions to an 
extent that was not previously possible. 
One now feels that a mental hospital is 
not a place for the expedient manage- 
ment of an intolerable situation but 
rather a treatment center for the amelio- 
ration of disease, like hospitals devoted 
to other kinds of disorders. 

One patient will receive most benefit 
from a certain tranquilizing agent, and 
a second from another. This is not the 
place to compare the therapeutic effi- 
cacy of the various tranquilizers, espe- 
cially in such an early state of their de- 
velopment, but it is obvious that some 
produce a deeper sedative action than 
others. Each of the accepted tranquiliz- 
ing drugs, when given in adaquate dos- 
age, is of aid to disturbed patients, but 
our experience (7) with hyperactive pa- 
tients has been widest with chlorproma- 
zine (8) and reserpine (9), drugs which 
have profound sedative or calming ac- 
tions. But there is no way to foretell 
which drug will be most effective for a 
given patient, and therefore the psychia- 
trist should be prepared to employ any 
one in an emergency. Some, like azacy- 
clonol (7, 10), can bring about better 
social adjustment, so that the atmos- 
phere on the ward becomes friendlier, 
especially among patients who are only 
moderately disturbed. The choice of a 
tranquilizing drug must be decided em- 
pirically; the best one for a given pa- 
tient can be found only by the process 
of elimination. 

The most dramatic improvements are 
observed in the first acute attack or in 
the chronic patient who has developed 
an acute exacerbation of his disorder. 
At our hospital, however, tranquilizing 
drugs have also been found to exert 
marked benefit in patients with schizo- 
phrenia of long duration—that is, chronic 
schizophrenia, as documented in the case 
histories presented above. But the im- 
provements were mainly seen in patients 
with obvious active schizophrenic proc- 
esses—those who had hallucinations and 
delusions or who were hyperactive, agi- 
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tated, and tense. Blocked, retarded, and 
apathetic schizophrenics are more diffi- 
cult to help. This greater intractability 
of the so-called “burned-out” patients, 
who have survived a more active phase 
of their disorder and who seem free of 
schizophrenic symptoms and excessive 
physical activity, is also observed with 
previous methods of treating deterio- 
rated, passive schizophrenics. 

Similarly, senile patients who are irri- 
table, quarrelsome, and apprehensive 
show greater improvements than pa- 
tients who exhibit negativism, apathy, 
and withdrawal. It would appear that 
tranquilizing drugs are less valuable for 
the senile patient who does not display 
signs of agitation. For the same reason, 
depressions not accompanied by anxiety 
and tension are less apt to be amelio- 
rated by a psychopharmacologic agent. 
The treatment of the passive patient is 
therefore more difficult. In individuals 
with hypertension; apparently free from 
behavioral abnormalities, the use of these 
drugs may lead to a worsening of the 
mental condition if the profound sadness 
of a depression is induced. 


Psychoneuroses 


Mental diseases milder than the psy- 
choses are the psychoneuroses or neu- 
roses, and in some forms of these dis- 
orders tranquilizing drugs are of value. 
In contradistinction to the psychotic pa- 
tient, the neurotic acts, by and large, as 
if reality has the same meaning for him 
as for most people. He is not subjected 
to persecution by a “crime ring” and 
does not have other bizarre experiences. 
He suffers, however, from great anxiety, 
which may not be readily identified with 
any particular object. Yet this anxiety is 
expressed in bodily symptoms: palpita- 
tion, breathlessness, weakness of limbs, 
tremors and pains that plague him. For 
that reason, in some patients, the anxiety 
is associated with a particular organ: the 
heart, the lungs, or the stomach. Neurot- 
ics who must be active in order to escape 
their disturbing fears are usually not 
helped by tranquilizers. In contrast, those 
with internal tensions, who cannot sleep 
despite use of such sedative drugs as the 
barbiturates, often gain relief from a 
psychopharmacologic agent. 


For the “Normal” Population 


These drugs also exhibit decided use- 
fulness for the members of our so-called 
normal population who are subjected to 
intolerable stress, A businessman with a 
demanding and unreasonable supervisor 


or a woman with insufficient funds to 
run her home according to her ideal 
standard can gradually build up an emo- 
tional impasse so that perspective is lost, 
as the darker side of the situation is in- 
creasingly magnified, until a state of 
panic may develop. Restoration to a 
more objective evaluation of the situa- 
tion may be secured by psychothera- 
peutic discussions with a physician, and 
an important action of tranquilizing 
drugs is to render the patient more re- 
ceptive to other kinds of therapy. In fact, 
at times a psychopharmacologic drug 
may be essential for a successful psy- 
chiatric interview. Ephemeral disturb- 
ances—for example, the anxiety and ten- 
sion aroused by an impending surgical 
operation—can be pleasantly dissipated 
by a small dose of a tranquilizing agent. 


Side Reactions 


I have not mentioned the matter of 
occasional undesirable side reactions of 
the new drugs (J/). In the first place, 
the drugs cause much less inconvenience 
than the mental disorder of the psy- 
chotic patient. Some patients can be 
managed by a temporary reduction of 
dosage—for example, a patient who ex- 
hibits an excessive fall of blood pressure. 
Others can be treated by a drug which 
counteracts ‘the undesirable changes; a 
tremor of the hands resembling that of 
Parkinsonism can be relieved by an anti- 
Parkinson drug. Patients with brain in- 
jury are more likely to exhibit a con- 
vulsion than those with an intact organ 
(12). The production of lactation and 
menstrual changes by chlorpromazine 
and reserpine and the power of the latter 
to impair libido in the male are subjects 
for research. Fortunately, serious compli- 
cations occur only rarely. A small number 
of patients develop jaundice, a sign of 
liver involvement. In some _ instances 
there may be a reduction of white blood 
cells. A failure in the formation of these 
cells is dangerous because it diminishes 
the resistance of the body to disease. But, 
on the whole, the treatment of thousands 
of psychotic patients with the new drugs 
has been relatively safe, because most 
are resistant to these side effects. This 
resistance, however, does not apply to 
neurotic patients, who seem more sensi- 
tive to side reactions znd even on com- 
paratively low dosage complain of fa- 
tigue, prostration, dizziness, and nausea. 

It is apparent, then, that state hospitals 
have been placed on a much better basis 
by the use of the tranquilizing drugs, es- 
pecially in the management of highly dis- 
turbed patients. The same, however, can- 
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not be said of psychiatrists whose private 
practice is concerned chiefly with neu- 
rotic patients. But it is also true that 
many patients who were formerly sent to 
a mental institution can now be treated 
outside the hospital gates. Some psy- 
chotic individuals can continue to lead 
productive lives and need not go to a psy- 
chiatric hospital at all. During the acute 
phase, they may be controlled by tran- 
quilizing drugs in a general hospital and 
later may be maintained outside the hos- 
pital on appropriate doses of these medi- 
cines. On the other hand, apathetic psy- 
chotics who are not in conflict socially 
but who are rather withdrawn, inactive, 
and without signs of agitation, usually 
cannot be raised to a higher adaptive 
level. They are still the despair of the 
psychiatrist. In evaluating the present 
clinical position of the psychopharmaco- 
logic drugs, it must be understood that 
the production of tranquilization, though 
a desirable end in itself, also aids other 
forms of therapy. A potent factor in the 
successful treatment of a patient with 
disorganized or disturbed behavior is a 
satisfactory relationship with a psychi- 
atrist, and an important result of tran- 
quilization is the facilitation of such a 
beneficial relationship. 


HISTAMINE 

lat " 
Wemere —C— CNC, 
wen ro 


MESCALINE 
” 


CT 
‘ i " 
CH30 c—C—N 
. ' 1 <i 
CHy0 ili ad 
cH 


ADRENALINE 


NORADRENALINE 


eae ” eel ” 
 . 
Kom c—c—nm —_—_ HO C—cConm 
re on s 
roy JH wo 


AMPHETAMINE 
Onrs 

W City 
CHLORPROMAZINE 

s 

ct 


” 


MEPROBAMATE AZACYCLONOL 
chy 
~ 


ee 


f 
NHg=CO-O—C —E—C—O—CO—MHg 


ae as 
Cahy 
Ll 


” 

1 ' 
C—C—C— NK ener 

' ' ' 

* 





Neurohormonal Changes Caused by 


Reserpine and Chlorpromazine 


A lead for the pharmacologic attack on 
schizophrenia comes from a study of in- 
dole-containing substances. Not only sero- 
tonin but also the tranquilizer reserpine 
and the psychotomimetic lysergic acid 
diethylamide (LSD) contain the indole 
nucleus (see Fig. 1). The idea that in- 
doles are associated with schizophrenia 
is not new (/3). In a similar vein, sug- 
gestions have been made that serotonin 
plays a part in brain function (1/4). A 
clinical analysis of this problem became 
available in 1954 with the paper of 
Hoffer, Osmond, and Smythies (J5). 
These experimenters knew that an adren- 
aline solution which had become pink 
after standing in the light for a long 
period of time had exerted psychoto- 
mimetic effects. They also drank a solu- 
tion containing impure adrenochrome 
and succumbed to its influence to the 
extent of revealing schizophreniclike 
changes in their behavior, They therefore 
thought that the pink solution might con- 
tain a breakdown product of adrenaline, 
similar to adrenochrome in being indolic 
in character, and pointed out that some 
indole-containing substances affect be- 
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havior adversely. Thus, again we have 
the suggestion of the pathogenic impor- 
tance of indole-containing substances. 
However, it should be pointed out that 
not all such compounds evoke aberrant 
behavior. Moreover, drugs with entirely 
different chemical structures—for exam- 
ple, hashish—are psychotomimetic in 
action. Nevertheless, it is instructive to 
examine the effects of serotonin. 

The experiments of Welsh (/6) 
showed that in the clam Venus mer- 
ceneria the accelerator nerve of the 
heart, for which serotonin is the chemi- 
cal mediator, is inhibited by LSD. Gad- 
dum and Hameed (17) have demon- 
strated the antagonism of LSD to the 
peripheral action of serotonin in mam- 
mals and wondered whether or not this 
antagonism might not also apply in the 
brain. Woolley and Shaw (/8) made the 
bold hypothesis that LSD produced be- 
havioral abnormalities by interfering 
with the physiological actions of sero- 
tonin in the brain. According to these 
investigators, LSD is enough like sero- 
tonin to be taken up by the serotonin 
receptors in the brain, yet is different to 
the extent that LSD fails to evoke sero- 
tonin effects, 

The Rockefeller workers used the lock- 
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Fig. 1. Structural formulas of some neurohormones, psychotomimetic agents, and tranquilizing drugs. 
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and-key analogy: LSD could be intro- 
duced into the same lock as serotonin 
but, in contrast, could not be used to 
turn the lock. This suggested, of course, 
that mental aberrations are produced by 
an inadequate amount of serotonin at its 
site of action, the receptors with which 
serotonin combines, But it is also possible 
that there may be an excessive concen- 
tration of serotonin in some forms of 
mental disease, and in a later paper these 
workers showed that LSD could also act 
like serotonin and, for example, increase 
the effects of that brain hormone to raise 
the blood pressure of anesthetized dogs 
(19). Costa (20), in our laboratory, 
found that LSD can either diminish or 
increase the effects of serotonin, depend- 
ing upon its concentration. The sero- 
tonin-evoked contraction of a rat uterus 
is antagonized by LSD in a solution con- 
taining 1.0 microgram per liter but is 
facilitated by that psychotomimetic agent 
when its concentration is reduced to 0.2 
microgram per liter or less. The latter 
result suggests that an excess of serotonin, 
rather than a deficiency, is a disturbing 
factor in mental disease. In the present 
status of these investigations it is not 
possible to decide between these two 
alternatives. In fact, both may be cor- 
rect, but each may. apply to different 
kinds of abnormalities. 

Reserpine, which is so valuable in the 
management of combative destructive 
patients, reduces the concentration of 
serotonin in the body (2/, 22). Further- 
more, only those Rauwolfia alkaloids 
which are tranquilizers have this deplet- 
ing action in the stores of serotonin (23). 
According to one explanation, the com- 
petition between the drug and serotonin 
displaces the latter from its receptors 
and, as a result, the neurohormone is 
eliminated from the depots in the brain 
and other parts of the body. Restoration 
of serotonin to normal levels is pro- 
tracted. After a single dose of reserpine 
was injected into a rabbit, the brain 
serotonin was depressed to 10 percent of 
normal within 4 hours and remained at 
this low level for 36 hours, after which 
it rose slowly over a period of 6 days 
before premedication values were at- 
tained (22). Following the administra- 
tion of reserpine, the concentration of 
that drug in the brain increased rapidly 
to a brief maximum, but in contrast to 
the long-enduring depletion of serotonin 
(24), reserpine diminished speedily and 
was practically undetectable in the brain 
in about 4 hours. These results with re- 
serpine, obtained by a fluorometric 
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method, are in agreement with the con- 
cept that reserpine produces pharmaco- 
logic effects indirectly by its influence 
upon the serotonin content of the brain. 
But other observations (25) with a more 
sensitive technique, employing isotopi- 
cally labeled reserpine, disclosed that the 
radioactive material is extractable from 
the brain as reserpine up to 48 hours after 
its injection. The long presence of re- 
serpine in the brain does not necessarily 
exclude the theory that reserpine acts 
through an indirect mechanism that in- 
volves serotonin, but it is in accord with 
the idea that reserpine acts as such. 

Additional evidence that reserpine re- 
leases serotonin has been adduced by 
Valcourt (26), who observed two groups 
of patients, one schizophrenic and the 
other mentally defective, at the Gales- 
burg State Research Hospital. A signifi- 
cantly increased urinary excretion of 
5-hydroxyindoleacetic acid occurred dur- 
ing the first day of the administration of 
4 milligrams of reserpine. Apparently, 
when serotonin does not attain its bind- 
ing site, it is rendered vulnerable to the 
amine oxidase enzyme and is metabo- 
lized to form 5-hydroxyindoleacetic acid 
(Fig. 1). 

Even if it is proved that serotonin is 
important to the function of the mind, 
its action is not a simple one, for that 
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hormone may serve in other ways. Be- 
cause serotonin can cause smooth mus- 
cle—the type of muscle in the walls of 
arteries and of viscera—to contract, it is 
thought to be a factor in the production 
of high blood pressure and in the motil- 
ity of the gastrointestinal tract. Only 1 
percent of the serotonin content of the 
body is found in the brain (27). Most of 
it occurs in the spleen and especially in 
the gastrointestinal tract containing the 
specialized cells of the enterochromaffin 
system, which secrete serotonin (28). A 
tumor of these cells, called malignant 
carcinoid, is associated with abnormally 
high levels of blood serotonin and with 
an increased excretion of its metabolic 
product, 5-hydroxyindoleacetic acid, in 
the urine (29). Behavioral changes are 
absent, perhaps because of the relative 
impermeability of the brain to sero- 
tonin (30). 

The similarities between serotonin, an 
indole amine, and the catechol amines, 
noradrenaline and adrenaline, are im- 
portant. These similarities are not lim- 
ited to their areas of distribution in the 
brain (Figs. 2, 3), which in general re- 
veal high concentrations in various sub- 
cortical areas and low ones in the cere- 
bral cortex and cerebellum (31, 32), nor 
are their resemblances confined to their 
chemical structures (Fig. 1), which dis- 
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Fig. 2. Serotonin content of the human brain. The areas with the highest concentration 
of serotonin, an indole amine, include the hypothalamus. A lower level is observed in the 
mammillary bodies, fornix, thalamus, and medulla oblongata. Serotonin is found in the 
cingulate gyrus, hippocampus, and amygdaloid nucleus in greater concentrations than 
in the neocortex or cerebellum, which contain the least amounts. [Costa and Aprison (32)] 
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close that adrenaline can be oxidized to 
form an indole amine, adrenochrome, 
and that the latter, plus the appropriate 
side chain, yields serotonin. 

Most striking is the discovery that re- 
serpine exerts an action on noradrenaline 
and adrenaline similar to that previously 
disclosed for serotonin—that is, it emp- 


ties their stores wherever they occur in 
the body. Even more significant is the 
observation (33) that the curve for the 
time relationships for the release of these 
substances from the brain and the rees- 
tablishment to premedication values fol- 
low each other closely. Though the re- 
sults are not the same when different 








Fig. 3. Medial sagittal section of a dog’s brain, showing the distribution of noradrenaline 
in micrograms per gram of fresh tissue: A, 1.0 ug/g; +, > 0.4 and < 1.0 ug/g; O, > 0.3 
and < 0.4 ug/g:-, > 0.2 and <0.3 ug/g. In the dog brain, the catechol amines, nor- 
adrenaline and adrenaline, are at their highest concentration in the hypothalamus; then, 
in decreasing amounts, in the mammillary bodies and the reticular formation. Still lower 
concentrations are observed in the neocortex and cerebellum. [Vogt, J. Physiol. (Lon- 
don) (31)] 








Hypothalamus 


Fig. 4. Mesodiencephalic activating system. Stimulation of the organism evokes impulses 
which travel by way of the lemnisci to the thalamic sensory nuclei and then to cortical 
sensory areas. The lemnisci send collateral nerve fibers to the midbrain reticular forma- 
tion, and by these fibers impulses advance in the reticular formation to the diffuse tha- 
lamic projections and arouse the cerebral cortex. Collaterals bearing stimuli from the 
midbrain reticular formation pass to the hypothalamus, which in turn sends impulses to 
the cerebral cortex. [Himwich, J. Nervous Mental Disease (3)] 
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methods for the determination of nor- 
adrenaline are used, yet in general there 
is agreement in the rapid release (34) 
from the brain and the slow return to 
normal values. It is obvious, then, that 
the releases of these amines are closely 
associated phenomena. Either the amines 
combine with the same receptor, though 
not necessarily with the same prosthetic 
group, or the discharge of one amine 
initiates the liberation of the other. 
One action of reserpine, therefore, in- 
volves closely allied substances which 
may be included in the term biogenic 
amines. Can such a conception be ap- 
plied to chlorpromazine? An examina- 
tion of the structure of ~hlorpromazine 
(Fig. 1) reveals two ci. =: portions, the 
phenothiazine nucleus and a side chain 


™ 
N—CH:—CH:—CH:—N 


Suggestions arise from an examination 
of both portions of the chlorpromazine 
molecule. If the phenothiazine nucleus 
portion is depicted in three dimensions 
instead of two, it closely resembles the 
indole nucleus, as observed in serotonin 
as well as in reserpine. It does not seem, 
however, that chlorpromazine acts in the 
same manner as reserpine, for chlorpro- 
mazine does not empty the depots of 
serotonin and the catechol amines. An- 
other lead comes from the examination 
of the side chain, which is contained in 
many successful phenothiazine deriva- 
tives (35). As has been pointed out by 
Gyermek and others (35, 36), the same 
side chain occurs repeatedly in substances 
which depress the effects of amines. It 
must not be forgotten that the pheno- 
thiazines belong to the group of antihis- 
taminic drugs and can usually inhibit 
actions evoked by histamine (Fig. 1). In 
fact, such a side chain will interfere with 
the effects of other biogenic amines, in- 
cluding noradrenaline, adrenaline, and 
serotonin. Chlorpromazine shares with 
these biogenic amines a side chain of 
similar construction, and perhaps chlor- 
promazine attaches itself to the same 
binding site as do these amines. 

If such a generalized action may be 
attributed to chlorpromazine, the study 
of the chemical substrates of behavior 
becomes even broader than the indole 
viewpoint suggested by the pharmaco- 
logic action of reserpine and renders 
every biogenic amine a fit subject for 
investigation in the field of behavior. But 
even these broad possibilities do not ac- 
count for the chemical aspects of tran- 
quilizers not included in the reserpine 
and chlorpromazine groups. As an ex- 
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ample, we may cite the experiments of 
Costa, who showed that the peripheral 
effects of serotonin were blocked not only 
by reserpine and chlorpromazine but also 
by azacyclonol (20). Moreover, mepro- 
bamate, hydroxyzine, benactyzine, and 
many other drugs, each with different 
chemical constitutions, are effective in 
various degrees against one mental con- 
dition or another. Until the chemical 
advances catch up with the clinical ad- 
vances, some of the manifestations can 
be followed in the form of changes in 
nerve function. 


Neurohormonal Equilibrium 


Marrazzi and Hart (37) propose a the- 
ory, depending upon an equilibrium be- 
tween various hormones, that may ac- 
count for results with diverse types of 
tranquilizers. They contrast the stimu- 
lating effects of acetylcholine, a chemical 
mediator of the nerve impulse across the 
synapse, the junction between two nerves, 
with the inhibiting action of adrenaline, 
amphetamine, mescaline, and LSD. The 
latter group depresses and may even stop 
the transmission of the nerve impulse 
from one nerve to the next. Marrazzi and 
Hart also report that tranquilizing drugs 


—reserpine, chlorpromazine, and azacy- 
clonol—prevent the inhibitory effect of 
mescaline on the transmission of the 
nerve impulse. They regard the signs of 
psychosis as release phenomena, results 
of the removal of normal restraints. Their 
experimental work also discloses that the 
depressant influence of serotonin is more 
potent than that of adrenaline, amphet- 
amine, mescaline, or LSD. They there- 
fore suggest that mental derangement is 
caused by an imbalance between such in- 
hibitory substances as serotonin and the 
chemical transmitter of the nervous im- 
pulse, acetylcholine. 

It is known that acetylcholine is active 
in the function of several cerebral areas, 
including the mesodiencephalic activat- 
ing system, which is discussed in the suc- 
ceeding section of this article (38). In a 
way, this conception is somewhat like that 
of Pfeiffer and Jenney, that an increase 
of acetylcholine may exert an antischizo- 
phrenic effect, for raised concentrations 
of that neurohormone should antagonize 
the action of serotonin to block the trans- 
mission of the nerve impulse (39). But 
it is not impossible that a dearth of 
acetylcholine is associated with one type 
of abnormal behavior, perhaps psychosis, 
and that an excess of acetylcholine is an 





Fig. 5. Semidiagrammatic section of human brain. 1, amygdala; 2, anterior nucleus of 
thalamus; 3, cingulate gyrus; 4, corpus callosum; 5, diagonal band of Broca; 6, fornix; 
7, habenula, a nucleus of the thalamus; 8, habenulopeduncular tract; 9, hippocampus; 
10, interpeduncular nucleus; 11, lateral olfactory stria; 12, longitudinal stria; 13, mam- 
millary body; 14, mammillothalamic tract; 15, medial olfactory stria; 16, olfactory bulb; 
17, olfactory tract; 18, olfactory tubercle; 19, perforating fibers; 20, septum pellucidum; 
21, stria medularis; 22, stria terminalis; 23, subcallosal gyrus; 24, hypothalamus; 25, 
posterior pituitary gland; 26, anterior pituitary gland; 27, caudate nuclei in depth of 
brain; 28, septal region. [Adapted from “Physiology and Pharmacology of Emotion,” 


Scope 4, 1 (1955)] 
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accompaniment of another type, neuro- 
sis. Jacobsen (40) has suggested that the 
action of Benactyzine to block acetyl- 
choline may serve a beneficial effect in 
disturbances associated with supernor- 
mal concentrations of acetylcholine (41). 
Benactyzine exerts little influence on 
schizophrenic patients but has been 
termed an antiphobic drug because it is 
effective against abnormal fears and re- 
duces the emotional reactivity to stress. 


Anatomic Sites of Action 


Differences between the pharmacologic 
actions of depressant drugs like the bar- 
biturates and of the tranquilizers are 
mentioned above in the section on “clini- 
cal aspects.” An important cause for the 
diverse effects of these two different kinds 
of drugs is disclosed by an examination 
of their sites of action. It is well known 
that every drug may affect many parts 
of the body, but it must also be empha- 
sized that some areas, usually the im- 
portant ones for the therapeutic results, 
are more susceptible than others. Take, 
for example, the barbiturates, which in 
general act most strongly on the later- 
developed parts of the brain—the co:tex 
of the cerebral hemispheres—and least 
so on the more primitive medulla ob- 
longata, containing vital centers for the 
control of heart rate, respiration, and 
blood pressure. Because of their pro- 
nounced effects on the cerebral cortex, 
barbiturates depress functions of the cor- 
tical regions concerned with the analyz- 
ing mechanisms of vision, audition, and 
other perceptive functions—the fine co- 
ordination of motor movements as well 
as thought and memory. Though the 
tranquilizers also affect functions ascribed 
chiefly to the cerebral cortex, their most 
potent actions are exerted on the subcor- 
tical structures regarded as parts of the 
anatomic substrate of emotion: the mid- 
brain reticular formation, the hypothala- 
mus, and the components of the rhinen- 
cephalon (Figs. 4, 5). 

The viewpoint expressed in this ar- 
ticle is that the tranquilizing drugs pick 
out, for their main sites of action, these 
three cerebral areas, all connected with 
each other and with the cortex. It would 
seem that the visceral functions, related 
to the emotions, were correlated chiefly 
by the reticular formation in the lower 
vertebrates. It is also probable that, later 
in the evolutionary process, other centers 
in the hypothalamus and especially in 
the rhinencephalon took over much of 
the emotional aspect of behavior. 

A more detailed description of the 
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midbrain reticular formation reveals that 
it is an ancient cerebral area, well devel- 
oped even in the Amphibia, as has been 
shown by the work of Herrick on the 
tiger salamander (42). In that animal, 
the midbrain reticular formation prob- 
ably serves as an important integrating 
mechanism, coordinating muscular and 
visceral activities in accordance with the 
sensory information evoked by changes 
in the environment. We owe the elucida- 
tion of the basic physiology of the reticu- 
lar formation in mammals and primates 
to Moruzzi, Magoun, and their students 
(43). These workers showed that the 
midbrain reticular formation acts in con- 
junction with the diffuse thalamic pro- 
jections (Fig. 4), as ascribed by Jasper 
(44). Thus, the phyletically older mid- 
brain reticular formation is united func- 
tionally with the later-developed. diffuse 
thalamic cortical projections, and the 
two together form the mesodiencephalic 
activating system (38). This does not 
mean that the mesodiencephalic activat- 
ing system is independent of the rest of 
the brain. On the contrary, its midbrain 
reticular component probably receives a 
varying number of stimuli by way of col- 
lateral nerve fibers from the lemnisci 
(Fig. 4). There are therefore two parallel 
systems. One carries information by way 
of the lemnisci and the paths of the sen- 
sory thalamic nuclei to the cortex, where 
the messages are analyzed for specific in- 
formation on the kind of stimulus, its 
point of application, and similar rela- 
tionships to the organism. In the other 
system, the mesodiencephalic activating 
system, nerve impulses ascend in the 
reticular formation to the thalamic 
nuclei, which then send other impulses 
to the cortex by way of the diffuse 
thalamic paths. The mesodiencephalic 
activating system thus affords the emo- 
tional cloak which accompanies. some 
kinds of stimulation of the body. 

The parts played by the hypothalamus 
and the rhinencephalon will be consid- 
ered below, but with this background 
we can proceed with the psychophar- 
macologic analysis of the functions of 
the mesodiencephalic activating system, 
which has been shown to be sensitive to 
members of the reserpine group of drugs, 
to chlorpromazine and other phenothia- 
zine derivatives, and to azacyclonol. A 
clue to the effect of these drugs on this 
system is afforded by the electroenceph- 
alograph, for stimulation and inhibition 
are each accompanied by characteristic 
brain-wave patterns. Those associated 
with inhibition of the reticular formation 
are also observed, with rest or light doz- 
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ing in the human being or animal, and 
are shown on the left side of Fig. 6A. 
They are characterized by high-ampli- 
tude slow waves. and spindles of rapid 
waves. The latter are most prominent in 
the motor cortex, as is seen in records ob- 
tained from a rabbit. This type of activ- 
ity continues until the animal is exposed 
to auditory, tactile, or painful stimuli, 
when rapid low-amplitude waves, par- 
ticularly in the cortex, appear, while a 
slower regular rhythm develops in the 
hippocampus. On the right side of Fig. 
6A is seen such an alerting or arousal 
pattern (3, 45). On the other hand, when 
chlorpromazine is given, the reticular 
formation is blocked and no longer shows 
the alerting response (Fig. 6B). This in- 
hibition of the reticular formation does 
not prevent impulses evoked by a pain- 
ful stimulus from traversing the lemnisci 
(Fig. 4), and awareness is thus achieved 
by way of the cortical mechanisms, but 
the severity of the associated distressing 
emotional accompaniment of the stimu- 
lus is greatly mitigated. 

A clinical example is seen in the use 
of chlorpromazine for the treatment of 
the intractable pain associated with in- 
operable cancer. Surely the patient is 
aware of the pain, but it has been largely 
robbed of its harrowing emotional ac- 
companiment. It is not impossible that 
a patient disturbed by painful hallucina- 
tions and upsetting delusions can be simi- 
larly rendered relatively free of emotional 
upheavals. The ability of chlorpromazine 
to reduce the emotional reactions to pain- 
ful stimuli is probably due to the depres- 
sion of the reticular formation. Though 
azacyclonol is not capable of blocking 
the pain response, it can prevent and cor- 
rect the alerting of the electroencephalo- 
gram caused by the psychotomimetic 
drugs, LSD and mescaline (46). In con- 
trast to. chlorpromazine, reserpine, in 
adequate doses, activates the mesodien- 
cephalic activating system and produces 
the alert pattern (47). It is significant, 
therefore, that reserpine, despite its tran- 
quilizing- action, is not. of use in the 
management of pain. Perhaps the greater 
sedative effect of chlorpromazine is due 
to its ability to depress the midbrain 
reticular formation. 

But the fact that reserpine does not 
inhibit the mesodiencephalic activating 
system indicates that there are other cen- 
ters important for tranquilization. We 
therefore turn next to the consideration 
of the hypothalamus, which is known to 
be a part of the brain containing patterns 
for coordinating visceral functions, in- 
creases of blood pressure, heart rate, and 





respiration in order to support muscular 
activity. This integration of visceral and 
muscular activities is especially essential 
in emergency situations, originally re- 
ferred to by Cannon as the “fight or 
flight” reactions (48). This part of the 
brain, therefore, organizes the visceral 
manifestations which are overactive in 
disturbed patients. It would seem prob- 
able that the depression of this mecha- 
nism acts to mitigate this type of overac- 
tivity. The earliest research done on 
reserpine and chlorpromazine indicated 
that these drugs inhibited hypothalamic 
structures, particularly those of the pos- 
terior hypothalamic nuclei which regu- 
late the sympathetic nerves to the viscera 
and blood vessels (49). 

The action of reserpine can be ex- 
plained in part by a depression of the 
sympathetic representation in the hypo- 
thalamus (50), which leaves parasym- 
pathetic activity unopposed and thus 
accounts for the fall in heart rate, drop 
in blood pressure, constriction of pupils, 
and the increased intestinal motility fre- 
quently observed in patients receiving 
that drug. These physiological changes 
are signs of acetylcholine activity. Acetyl- 
choline is not only associated with the 
chemical transmission of the nerve im- 
pulse in parasympathetic nerves to the 
various organs but also with transmission 
within the central nervous system, With 
reserpine, however, the increased effects 
of acetylcholine may be due to the fail- 
ure of the opposing effects of adrenaline 
and noradrenaline. As we have seen in 
a previous section, this failure may be 
the result of the emptying of the catechol 
amine depots by reserpine, in the brain 
and elsewhere in the body. As a conse- 
quence of this depletion, stimuli imping- 
ing on the hypothalamus fail to evoke 
responses from the cerebral representa- 
tion of the sympathetic nervous system 
(51). It is also probable that, because 
of the exhaustion of the adrenaline and 
noradrenaline deposits in the peripheral 
sympathetic nerves, these nerves, too, 
cannot react,.and thus. the central effects 
of that drug are accentuated. 

In a way, the pharmacologic actions 
of chlorpromazine may be compared 
with those of reserpine, for both exert 
central and peripheral effects. It is true 
that both drugs inhibit the hypothala- 
mus, but chlorpromazine also depresses 
peripheral sympathetic nerve centers 
which help to regulate blood pressure, 
and this is a second reason for the ob- 
served decreases of arterial pressure. But 
chlorpromazine also exerts a similar im- 
pairment on peripheral parasympathetic 
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nerves which usually slow heart rate, and 
therefore in patients receiving chlorpro- 
mazine the heart rate is characteristically 
rapid. Both peripheral results may be 
ascribed to interference with the action 
of acetylcholine in the transmission of 
the nerve impulse and therefore may be 
compared with the central operation of 
chlorpromazine to block the reticular 
formation (52). 


Pathfinding Experiments 


The discussion on the parts of the 
brain affected by chlorpromazine and re- 
serpine will now be extended to include 
those which were highlighted by the 
pathfinding experiments of Kliiver and 
Bucy (53). These workers removed the 
temporal lobes of monkeys, thereby 
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changing these difficult creatures into re- 
markably tame animals. These primates 
also exhibited increased oral and sexual 
proclivities. Objects of all kinds were 
repeatedly introduced into the mouths 
of the animals being tested, and males, 
especially, attempted sexual intercourse 
frequently, whether or not the animal 
chosen for these relations was of the ap- 
propriate sex or even of the same species. 

The temporal lobe includes some 
structures belonging to the rhinenceph- 
alon, which was first regarded as a uni- 
fied system by Papez (54), in accordance 
with the schema presented semidiagram- 
matically in Fig. 5. When the hippo- 
campus is stimulated it gives rise to im- 
pulses which initiate the Papez circle. 
These impulses are transmitted from the 
hippocampus (No. 9, Fig. 5), through 


the fornix (No. 6), to the mammillary 
bodies of the hypothalamus (No. 13). 
From that area they continue to the an- 
terior thalamic nuclei (No. 2) and attain 
the cortex of the brain in the cingulate 
gyrus (No. 3). The functional circle is 
completed in fibers leaving the cingulate 
gyrus and returning to the hippocampus. 

Again the phyletic point of view is en- 
lightening. When the first air-breathing 
vertebrates—the amphibians and espe- 
cially the reptiles—left the oceans for 
the land, they developed areas of the 
brain important for smell, the olfactory 
bulb (No. 16) and the olfactory tract 
(No. 17). The olfactory tubercle (No. 
18), which receives impulses from the 
midbrain reticular formation, supplies an 
indirect connection between the latter 
and Papez circle. The term rhinen- 
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Fig. 6. Alert pattern evoked by pain and prevented by chlorpromazine. (A) Bilateral leads are taken from various cerebral structures: 
on right side, electroencephalographic control pattern of resting rabbit; on left side, the effects of pinching rabbit’s leg. (B) Change pro- 
duced by chlorpromazine (5 mg/kg) in electroencephalographic pattern in response to pain. Note the absence of the alerting reaction 
to pain. [Himwich, J. Nervous Mental Disease (3)] 
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Fig. 7. Effect of reserpine (0.1 mg/kg) on brain waves; records of spontaneous rhinen- 
cephalic seizures initiated in the amygdala. [Killam and Killam, Brain Mechanisms and 


Drug Action (63)] 


cephalon originates in the primarily 
olfactory functions of the bulb and of 
some of the amygdaloid nuclei (No. 1). 
These structures are connected, in turn, 
to others which have been adapted in 
higher animals to emotional activities. 
These include the remainder of the 
amygdaloid and septal nuclei (No. 28). 
Finally, the latter areas contact Papez’ 
circle in the hippocampus, and aware- 
ness of emotional reactions is attained by 
way of the cingulate gyrus (55). Even 
today, in man, emotion and olfaction are 
closely associated, and this is so despite 
our mores, which in general require re- 
striction of body odors. 

The part of the brain concerned espe- 
cially with emotional experience and the 
one least understood is the rhinenceph- 
alon, which is also called the limbic sys- 
tem or the visceral brain (56). It must 
be noted that not only tranquilization but 
also the reverse reaction of rage was ob- 
served when the more forward portions 
of the rhinencephalon—the septal area 
and olfactory tubercle—were removed, 
and similar effects were also reported 
after the extirpation of the amygdaloid 
nuclei, the hippocampus, and the fornix 
(57). Lesions of the septal region alone 
were also found to produce rage (58). 
Bilateral extirpation of the amygdaloid 
complex and the adjacent pyriform lobe 
rendered animals easily disturbed (59). 
Many workers, however, have observed 
placidity and emotional unresponsiveness 
following the bilateral removal of the 
amygdala and hippocampus (60, 61). 

Though these results are apparently 
contradictory, at present the consensus is 
veering towards Kliiver and Bucy’s origi- 
nal conclusions because the pacifying 
effects of these extirpations are the more 
frequent findings, With either result, 
these experiments disclose relationships 
between the rhinencephalon and the 
emotional state. From this viewpoint 
both observations are useful, and in that 
case the nature of the response may de- 
pend on other factors—for ‘example, the 
immediate social environment, whether 
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or not it is hostile, and whether the ani- 
mal is being provoked or treated in a 
friendly fashion. The general reaction 
characteristic of the animal is also im- 
portant, for the effects of the operation 
may be superimposed on an excitable 
animal, easily aroused, or on a calm and 
phlegmatic one. Analyses have been made 
to explain these discordant results (61, 
62), but for our purposes these reactions 
serve to point out the type of physio- 
logical activity of these parts of the 
brain, and they afford a basis for the ap- 
praisal of the effects of drugs upon them. 

Killam and Killam report (63) spon- 
taneous, seizurelike waves in the rhinen- 
cephalon of a cat following the adminis- 
tration of reserpine. These seizures 
appeared first in the amygdala (AMG, 
Fig. 7) and then spread to the hippo- 
campus (HIPP) and to other rhinen- 





cephalic structures, including the ento- 
rhinal cortex (ENTO) and septum 
(SEPT ). However, the neocortex, (MSS 
and $C’) remained free of such abnor- 
malities. Furthermore, Sigg and Schnei- 
der noted that electrically evoked, seiz- 
urelike waves in the amygdala were 
facilitated and prolonged by reserpine 
without necessarily involving neocorti- 
cal areas (64). 

Preston’s observations (65) with chlor- 
promazine are similar in some respects 
to those of the Killams with reserpine, 
for he reports that the amygdaloid com- 
plex is readily stimulated by chlorpro- 
mazine at a time when the activity of 
the neocortex, including the motor cor- 
tex which regulates voluntary muscular 
movements, is unchanged. The electro- 
encephalographic alterations evoked by 
single daily injections of chlorpromazine 
to a cat (10 mg/kg of body weight) for 
a period of 5 days showed that 20 hours 
after the last injection there was no ob- 
vious effect in the neocortex (LG and 
MC, Fig. 8), while the amygdaloid nu- 
clei (AMG) revealed spiking. 

Thus, the amygdala is the part of the 
brain most susceptible to both drugs. 
Rather surprisingly, this amygdaloid 
hyperactivity was associated with tran- 
quilization. With this dose of chlorpro- 
mazine, well within the human therapeu- 
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Fig. 8. Comparative effects of chlorpromazine on the amygdala and cerebral cortex. (A) 
Spontaneous activity recorded from the amygdala in three different cats: (1) Records 


from two cats after a single daily injection of chlorpromazine, 10 mg/kg, for 5 days; (2) 
spontaneous activity recorded at a later time in the same experiment after 10 mg/kg of 
chlorpromazine had been injected. Hyperactivity is present in amygdala but not in the 
neocortex. [Preston, J. Pharmacol. Exptl. Therap. (65) ] 
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tic range, a cat will not pounce upon a 
mouse placed in its cage but, instead, 
acts with apparent indifference. Though 
the convulsive brain waves disclosed in 
the amygdala were accompanied by a 
transformation in the behavior of the 
cat, overt signs of motor activity were 
not apparent in such animals. In gen- 
eral, it is known that the rhinencephalon 
is more easily excitable than is the neo- 
cortical mantle of the cerebral hemi- 
spheres (66). With larger doses of chlor- 
promazine (65), which however do not 
exceed those administered to badly dis- 
turbed patients (67), the electrical hy- 
peractivity spreads from the amygdala 
(AMG, Fig. 9) to other rhinencephalic 
structures, the septum (SEPT) and the 
hippocampus (HIJPP). But only when 
the disturbance extends to neocortical 
motor areas are the characteristic vio- 
lent muscular contractions of a major 
epileptic seizure observed. Perhaps a 
similar process, the initiation of seizure 
activity in the amygdala and its spread 
through the rhinencephalic structures and 
then to the motor cortex, can explain the 
convulsive seizure sometimes seen in pa- 
tients taking reserpine and chlorproma- 
zine (1/2). Penfield has suggested that 
the phenomena of psychomotor epilepsy 
may originate in a seizure discharge in 
the amygdala spreading in the centren- 
cephalic system (68). The pharmacologic 
effects of these two drugs may be com- 
pared with the observations of Andy and 
Akert (69), who stimulated the hippo- 
campal formation of a cat electrically 
and noted that, when the hippocampal 
discharge was propagated to include the 
amygdala, the cat was not affected by 
the presence of the mouse, an apathy 
which was prolonged for a short period 
of time after the discharge was com- 
pleted and which was then replaced by 
an attack upon the little victim. But 
there is more than one method by which 
similar kinds of behavioral results may 
be obtained. Tranquilization of disturbed 
psychotic patients can be achieved with 
meprobamate (70), which is neither a 
phenothiazine derivative nor a reserpine- 
like drug (Fig. 1). Unlike these tran- 
quilizers, meprobamate does not alter 
brain wave activity of the amygdala 
when it is administered in small doses 
which, however, depress the undulations 
exhibited by the thalamus (71). Though 
the amygdala does not seem to be a site 
of activity for meprobamate, yet some 
portion of the rhinencephalon may be 
involved, as suggested by experiment 
with animals. Rats rendered savage by 
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Fig. 9. Effects of gradual increases of chlorpromazine upon brain. Seizure spiking is 
initiated in amygdala and gradually spreads to other areas. [Preston, J. Pharmacol. Exptl. 


Therap. (65)] 


the extirpation of their septal regions 
are restored to their preoperative be- 
havior by that drug. Apparently mepro- 
bamate influenced a portion of the brain 
which is functionally associated with the 
septum. It is of more than passing in- 
terest that rats that have not been oper- 
ated on show little or no change in their 
conduct when the same doses of mepro- 
bamate that calm the experimental ani- 
mals (72) are administered. 


Theory for Therapeutic Effects 


To bridge the gap between our infor- 
mation of the pharmacologic actions of 
reserpine and chlorpromazine and their 
therapeutic results is a goal greatly to be 
desired. Unfortunately, we do not have 
sufficient data or even the basic neuro- 
physiologic facts to do this. It is realized 
that such speculations on the mode of 
action of tranquilizers in man are largely 
based on observations of animals—a 
doubtful procedure. Moreover, there is 
a genuine logical difficulty, for it has not 
been proved that the behavioral im- 
provements noted with use of these drugs 
are due to the pharmacologic effects. 
The two diverse groups of phenomena 
may be related to each other only by a 
common causative factor—namely, the 
drug. But it is useful to make the as- 
sumption that the medicines are causes 


of the clinical changes as a device to 
clarify our thinking in seeking indica- 
tions for the direction of future research 
in the field of psychopharmacology. 

In our analyses of the therapeutic re- 
sults of reserpine and chlorpromazine, 
we found that they are of two different 
kinds: one is a calming of the individual 
and another is directed against schizo- 
phrenic manifestations. Can each of these 
two different clinical improvements be 
related to specific actions of the drugs? 
The decreased reactivity of tranquilized 
patients may be ascribed in part to the 
depletion of the catechol amines, the de- 
pletion depriving the organism of part 
of the mechanism of reactivity. Obvi- 
ously, tension and anxiety, whether 
evoked by real or imaginary emergen- 
cies, will nevertheless mobilize the auto- 
nomic nervous system. Not only adrena- 
line and noradrenaline but also other 
hormones, including serotonin and ace- 
tylcholine, are probably released during 
threatening emergencies. Thus, in gen- 
eral, a pharmacologic action of these 
drugs is to remove part of the mobiliza- 
tion mechanism, and the beneficial re- 
sults include tranquilization and de- 
creases of anxiety and tension. Turning 
to the electrophysiological portion of this 
analysis, we find ourselves examining the 
parts of the brain which help to regulate 
the activity of the neurohormones. A neu- 
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ronal depression of the reticular forma- 
tion and of the hypothalamus diminishes 
the actions of these portions of the brain. 
This depression can only render more 
profound the decrease in reactivity due 
to the emptying of the neurohormonal 
storehouses. 

Animal experiments indicate a close re- 
lationship between rhinencephalic struc- 
ture and the emotions, while drug stud- 
ies have disclosed the sensitivity of the 
amygdala to chlorpromazine and reser- 
pine. But here we see that a similar final 
effect of tranquilization is associated with 
an action which is quite the reverse of 
that seen in the hypothalamus. Inhibition 
of nerve function is not observed. On the 
contrary, the affected areas reveal ab- 
normal hyperactivity. Does the drug-in- 
duced aberrant operation of the amyg- 
dala interfere with the functions of the 
rhinencephalon, and, if so, does such an 
interference afford a basis for the second 
action of these drugs against schizo- 
phrenic symptoms? It would seem that 
the normal contribution of the amygdala 
to the economy of the brain cannot 
continue when that structure is being 
subjected to seizures (73). Perhaps the 
rhinencephalic chain ceases to act physio- 
logically because of the functional fail- 
ure of the amygdaloid link—-a failure 
which makes for a loss in a connection 
between the most primitive brain area 
(concerned with emotion), the midbrain 
reticular formation, and the later devel- 
oped rhinencephalon. 

The diminution in reactivity of the or- 
ganism probably influences the quantity 
or intensity of the emotional impact on 
the cortex. But it is difficult to see how 
such an amelioration can change the 
quality of thought so that the dissociated 
“word salad” of the hebephrenic patient 
can become less incoherent, more logical 
and comprehensible. One can appreciate 
that a decrease in emotional intensity 
might mitigate the violence in the ex- 
pression of hallucinatory and delusional 
material, but again it is more difficult to 
understand how such a mitigation can 
cause the correction of schizophrenic 
mentation. For that change, thinking 
must be altered in quality. 

Though the various parts of the brain 
work together as a unit in a coordinated 
manner, we have seen that certain struc- 
tures, both cortical and subcortical, are 
more involved than others in our emo- 
tional life. Similarly, as is pointed out 
by Bailey (74), some subcortical regions 
add a crude awareness, but for the dis- 
criminative contribution to that complex 
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function, the cortex must be included in 
a prominent position. The cingulate 
gyrus, which is a part not only of the 
rhinencephalon but also of the cortex, 
may be the area where the abnormal 
elements concerned with awareness and 
thinking enter into discriminative con- 
scious activity. It is not said that rhin- 
encephalic structures do not affect emo- 
tional reactions, but it is suggested, as a 
working hypothesis, that the cessation of 
rhinencephalic function is a possible fac- 
tor in the prevention of the morbid 
thinking of schizophrenia. This would in- 
dicate that the disease process of schizo- 
phrenia is tied up with the malfunction 
of certain brain areas and that the rhin- 
encephalic circle carries impulses which 
are sources of the pathologic psycho- 
physiology of schizophrenia. It is realized 
that a change of behavior produced by a 
loss of the contribution from a specific 
brain area, whether due to a physical 
extirpation or to functional incapacita- 
tion, does not prove that pathology in 
that area is the source of the disease. 
The removal of a part of the brain may 
interfere with the function of another 
region more directly concerned with the 
disease process. For example, an origin 
of the pathologic course may lie within 
the septal region, as is indicated by the 
work of Heath and his colleagues (75), 
or the warped emotional reactions may 
find their earlier expression in the mid- 
brain reticular formation. But at least 
it can be said that the anatomic site sen- 
sitive to drug action bears a relationship 
to schizophrenia, because the functional 
diversion of that area may correct the 
symptomatology of the disorder. 


Paths of Research 


A review of the present pharmacologic 
data can serve to throw light on paths 
for future exploration. One series of ob- 
servations has emphasized quantitative 
changes causing shifts in the neurohor- 
monal balance, involving excesses or 
deficits of acetylcholine, adrenaline, nor- 
adrenaline, serotonin, or serotoninlikée 
substances. Concentrations of serotonin 
in the brain can be increased by the ad- 
ministration of its precursor, 5-hydroxy- 
tryptophan, which provokes disturbances 
in the electroencephalogram and in the 
behavior of the rabbit (76) (Fig. 1). 
Apparently, 5-hydroxytryptophan enters 
the brain rapidly and, presumably, is 
transformed into serotonin. But that does 
not demonstrate that serotonin is exces- 
sive in hyperactive psychotic patients 





(77) or that their improvement is neces- 
sarily due to the decrease. of serotonin in 
the brain. On the other hand, there is a 
recent suggestion that Marsilid, which 
increases the serotonin content of the 
brain, benefits depressed patients (78). 
Again, that does not prove that patients 
are depressed because of abnormally low 
levels of serotonin in the brain. But it 
must be admitted that this circumstan- 
tial evidence is of such interest that it 
calls for further investigation of these 
possibilities, 

An experiment to throw light on this 
subject would be to determine the cere- 
bral serotonin contents in the brains of 
psychotic patients and compare them 
with those of nonpsychotics. A start has 
been made. Costa and Aprison have 
demonstrated that serotonin is a normal 
constituent of the human brain just 
as it is of the brain of lower animals 
(32). However, it can be said conserva- 
tively that the suggestion of Woolley and 
Shaw (/8) on the role of serotonin is an 
attractive one and that it has been useful 
in turning up new material (79). For 
example, Shaw and Woolley (80) have 
synthesized compounds which block sero- 
tonin, including BAB, the benzyl analog 
of bufotenin, and BAS, the benzyl analog 
of serotonin (Fig. 1). We have employed 
BAS in the treatment of schizophrenics 
on the possibility that it may exert a re- 
serpinelike action (79). The salutary re- 
sults on these psychotic patients were 
very encouraging, but the side reactions 
contraindicate the clinical use of BAS. 

It is not justifiable, however, to sepa- 
rate the role of serotonin from that of 
the catechol amines, for both are affected 
simultaneously by reserpine and prob- 
ably by other tranquilizing drugs. A 
strong point in favor of the catechol 
amines is that one of them, deoxyephe- 
drine, is able to substitute for depleted 
catechol amines in the brain (8/). Mice 
and monkeys, under the influence of re- 
serpine and showing the depression, re- 
duced mobility, and the hunched posture 
typically produced by that drug, are dra- 
matically restored to apparently normal 
activity by deoxyephedrine. Another line 
of investigation is concerned more with 
qualitative changes in the neurohormones 
than with quantitative ones, and it im- 
plicates a metabolic factor in schizo- 
phrenia. This work cannot be reviewed 
here, but it involves the more rapid oxi- 
dation of adrenaline (82) or the produc- 
tion of abnormal oxidation products of 
that neurohormone (83). As a result of 
an abnormal enzyme system, the metab- 
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olism of adrenaline is perverted, and an 
aberrant metabolic product, which may 
be a pathogenic factor in schizophrenia, 
is formed (84). 

At this time, when theories of schizo- 
phrenia are actively multiplying, it 
would seem that the two different aspects 
of quantitative and qualitative changes 
in the hormones are not mutually exclu- 
sive. One example is afforded by Hoffer, 
who suggests that there are two basic 
conditions for the production of schizo- 
phrenia—an increase in the concentra- 
tion and activity of acetylcholine within 
the brain and an abnormal metabolic di- 
version of adrenaline to some aberrant 
indole compound (85). 

The inclusion of electrical changes of 
brain areas in our field of research diver- 
sifies the problem still more. At the pres- 
ent state of development of psychophar- 
macology it is difficult to apply William 
of Occam’s razor, for each successful 
drug seems to differ from the others. 
Perhaps when we know more, the attack 
will be simplified by a unitary hypothesis 
on the pharmacologic actions of these 
drugs. We are therefore left with a num- 
ber of tempting speculations, and the 
judgment of the investigator will largely 
determine which one will be emphasized 
in his researches, 

The fact that we have effective drugs 
will not stop the production of better 
ones. In that process, a guiding principle 
is concerned with a characteristic of the 
brain—the fact that it, more than any 
other organ, is sensitive to changes in the 
chemical structure of a drug (86). Illus- 
trations may be drawn from the pheno- 
thiazine derivatives. Profound differences 
in the intensity of the therapeutic effects 
and the distribution of the side reactions 
(35) may be produced either by the re- 
placement of the chlorine (Cl) atom of 
the nucleus with another chemical or by 
an alteration in the number of carbon 
atoms between the two nitrogen atoms 
(N) of the side chain. We are looking 
forward to the discovery of compounds 
of new chemical structures, to be used 
for types of patients who require not 
tranquilization but other kinds of thera- 
peutic aid—for example, for the blocked 
and retarded individual who must be 
stimulated without an increase of hostil- 
ity or an activation of hallucinations and 
delusions, 

We have seen, however, that thus far 
in the field of psychopharmacology, prac- 
tice has outstripped theory. Though we 
recognize that tranquilizers correct cer- 
tain schizophrenic symptoms, there is 
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less agreement on the mechanism by 
which the improvements are achieved. 
Whether or not drugs effect cures is a 
problem fer the future. But the practical 
value of the advance should not be un- 
derestimated. It may be compared with 
the advent of insulin, which counteracts 
symptoms of diabetes without removing 
their cause. 
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University of Arizona 


Radiocarbon Dates 


Edward N. Wise and Dick Shutler, Jr. 


The Carbon-14 Age Determination 
Laboratory of the University of Arizona 
is operated by the anthropology depart- 
ment under the direction of Emil W. 
Haury, with the technical supervision of 
one of us (E. N. W.). A steering com- 
mittee of the university (J) was ap- 
pointed to approve the acceptance of 
submitted samples, to assign them a 
relative priority, and to examine criti- 
cally and approve for publication the 
dates obtained by the laboratory. 

The work of the Carbon-14 Age De- 
termination Laboratory is an integral 
part of the geochronology-dendrochro- 
nology program of the university. Stu- 
dents in this program obtain laboratory 
experience by observing all the chemical 
and physical operations performed dur- 
ing the dating of a sample. 

The laboratory was constructed in 
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1953 with the aid of a grant from the 
Research Corporation. The solid-carbon 
method developed by Willard F, Libby 
and his co-workers (2) is used for dat- 
ing samples. Trial runs were made in 
the spring of 1954, and the laboratory 
was ready for calibration and dating 
runs in 1955. The solid-carbon method 
has been retained, for the majority of 
our samples are not more than 20,000 
years old, and we have not experienced 
the radioactive contamination reported 
by other radiocarbon-dating laboratories. 
Fallout from the Nevada atomic-weapon 
test site apparently passes to the north 
of our laboratory. 

The elemental carbon is prepared in 
essentially the same manner as that de- 
scribed by Libby, except for a modifica- 
tion suggested by Ballario and his co- 
workers (3), The modification concerns 
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the omission of the steps in which car- 
bon dioxide is condensed with liquid 
nitrogen. In the combustion train, the 
traps cooled with liquid nitrogen are re- 
placed by a two-stage absorption train 
containing ammonium hydroxide, which 
absorbs the carbon dioxide directly. A 
water aspirator is attached to the end 
of the train to remove unabsorbed gases, 
such as excess oxygen. After precipita- 
tion and purification of the sample as 
calcium carbonate, carbon dioxide is 
evolved by the addition of hydrochloric 
acid. The carbon dioxide is thoroughly 
dried and directly reduced to elemental 
carbon with magnesium turnings. The 
elimination of the steps in which liquid 
nitrogen is used speeds up the prepara- 
tion of samples and simplifies the con- 
trol of the chemical processes involved 
in absorption and reduction. No dele- 
terious effect on samples due to the 
omission of the use of liquid nitrogen 
was noted. 

The problem of smooth and continu- 
ous chemical reaction during the reduc- 
tion step, which gave trouble during our 
trial runs, was solved by heating the 
magnesium turnings in the steel reduc- 
tion tube under high vacuum for several 
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minutes prior to the admission of the 
carbon dioxide. Reduction was then 
easily initiated by local heating of the 
reduction tube to a bright red heat with 
a gas-air torch, and reduction always 
proceeded smoothly to completion. 
The dates of the samples we have 
measured are listed in Table 1 (4). 
The statistical error is derived by the 
method described by Libby (2). The 
figures for standard deviation attached 


to the dates are in some instances larger 
than the purely statistical error. This ad- 
justment was made to reflect more cor- 
rectly our estimate of other factors in- 
volved in the precision of an assay. This 
follows the practice of other laboratories 
such as that at the University of Mich- 
igan (5). Possible errors resulting from 
the processing procedure and sample 
material have been adequately discussed 
elsewhere by Libby (2) and Crane (5). 
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Table 1. Radiocarbon dates obtained on archeological samples by the black-carbon method. All ages are given in radiocarbon years 
before the present. The year of assay is given in parentheses below the radiocarbon age. Specific locations of the samples collected in 
Arizona are given by the archeological site survey system of the Arizona State Museum. 








Description — Age Description — Age 
Naco mammoth site, Ariz. FF;9:1, Co- A-9, 9250 + 300 Lehner mammoth site, Ariz. EE:12:1, A-33 7133 + 350 
chise County (6). Fragmented charcoal in A-10 (1957) test No. 1, G17-G18, Cochise County. Car- (1956) 
clay matrix surrounding Columbian mam- bonaceous material from black swamp soil 
moth bones. The two samples were com- above hearths, bone bed, and artifacts. Col- 
bined and measured. Collected by E. W. lected by W. W. Wasley; submitted by E. W. 
Haury et al.; submitted by E. W. Haury, Haury. 
University of Arizona. Lehner mammoth site, Ariz. EE:12:1, A-34 7205+450 
Point of Pines Ciénega site, Ariz. W:10: A-19 43104160 Cochise County. Charcoal and sand col- (1956) 
112, No. 2, layer D-1, Graham County (7). (1955) lected from hearth No. 1, 15 cm below black 
Fragmented charcoal from hearth, pine-oak. swamp soil. Collected by W. W. Wasley; 
Layer D is composed of moist, dense, dark —— by E. W. “_er ‘tes = ° 
gray clay. Collected by E. W. Haury et al.; ehner mammoth site, Ariz. EE:12:1, A-40a 12,000+450 
submitted by E. W. Haury. Cochise County. Charcoal and sand col- A-40b 10,900+450 
Point of Pines Ciénega site, Ariz. W:10: A-21, 3980+160 lected from hearth No. 2, sample 4. Col- (1957) 
112, Graham County. Highly fragmented A-22 (1956) mem by W. W. Wasley; submitted by E. W. 
charcoal in matrix of bed D-1, over area 3 aury. 
m in diameter. The two samples were com- Stick figurine site, NA5686, surface fea- A-47 31004110 
bined and measured. Collected by E. W. tures 7 and 11, Coconino County, Ariz. (1957) 
Haury et al.; submitted by E. W. Haury. Reeds, south side of Grand Canyon, about 
Point of Pines Ciénega site, Ariz. W:10: A-26  3280+200 ‘* mi from El Tovar Hotel in Cremation 
112, No. 9, Graham County. Carbonaceous (1957) Canyon. Collected and submitted by Doug- 
material, directly above bones in cremation las W. Schwartz, University of Kentucky. 
36. Collected by E. W. Haury et al.; sub- Point of Pines Ciénega site, Ariz. W:10: A-48 2150 + 200 
mitted by E. W. Haury. 112, Graham County. Charcoal from pit 7, (1956) 
Point of Pines Ciénega site, Ariz. W:10: A-27 3070+150 pre “tad aan a ~* W. Haury 
112, No. 10, pit 6, Graham County. Charred, 1956 3 <page aps. 3 ep 
waterlogged ribs anil: Chaineeda by E. W ( ) Pia: x Pines Ciénega site, Ariz. W:10: A-49  2610+200 
Haury et al.; submitted by E. W. Haury. » Graham County. Wood, | rotten and A-53 2080 + 200 
Point of Pines Ciénega site, Ariz. W:10: A-28 25154300 Wet from bed C-3, the deposit in which pit (1956) 
112, Graham County. Finely divided carbo- (1956) 8 was cut. Sample A-53 was a re-run of 
7 : He r 2 sample A-49. Collected by E. W. Haury 
naceous material associated with cremations et al.; submitted by E. W. Haury 
in pit 3, bed C-2. Collected by E. W. Haury Poi 7 So. ee a 
f : ‘oint of Pines Ciénega site, Ariz. W:10: A-50  3250+200 
a 112, Graham County. Charred wood, wet, A-52 3025 +200 
Point of Pines Ciénega site, Ariz. W:10: A-29 4400+150 . . 
112, No. 6, Graham County. Scattered char- (1956) ont ime pt 8. See aoe eS 
coal fragments in D-1 la er which is com- a — Collected by BE. 'W. 
sid ch nak dak mn! ? lay. Collected Haury e¢ al.; submitted by E. W. Haury. 
a ae ee ae ee ae Point of Pines Ciénega site, Ariz. W:10: A-51 3380+ 200 
~ etal Haury et al.; submitted by E. W. 112, Graham County. Wood, rotten and (1956) 
: rf J °s bed C-3, the deposit in whi i 
Lehner mammoth site, Ariz. EE:12:1, A-30 83304450 8 was cut. Collected by E Ne iny ot =. 
No. 1, Cochise County. Charcoal fragments (1956) submitted by E. W. Haury. re 
pase Bog og yy a ep we Cedar from ship of Maarko Sestios. It is A-66 2295+110 
lected x 4 V. * asley, University of Ari- thought that the ship sank off the Island (1957) 
zona; submitted by E. W. Haury. of Grand Congloue, near Marseille, France, 
Lehner mammoth site, Ariz. EE:12:1, A-31 6877+450 about middle of second century before 
test No. 1, G17-G18, Cochise County. Car- 63564450 Christ. Submitted by Ferdinand L. Lalle- 
bonaceous material from black swamp soil (1956) mand, archeologist at the Office francais de 
layer above hearths, bone bed, and artifacts. Recherches sous Marines, Marseille, France. 
Collected by W. W. Wasley; submitted by Double Adobe site, Ariz. FF:10:1, Cochise A-67 8200+260 
E. W. Haury. County. Charred wood from trench No. 2, (1957) 
Lehner mammoth site, Ariz. EE:12:1, A-32 7022+450 east end, in river sand, in association with 
Cochise County. Charcoal fragments mixed (1956) artifacts of the Sulphur Spring stage. Col- 


with sand from hearth No. 2. Collected by 
W. W. Wasley; submitted by E. W. Haury. 
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lected and submitted by E. B. Sayles, Ari- 
zona State Museum. 








Description 





Sample 
No. 


Age 





Arizona EE:12:2, Cochise County. Char- 
coal, on San Pedro River about %4 mile 
south of Hereford, Fort Huachucha Road, 
in erosion channel with artifacts tentatively 
identified with Chiricahua stage of Cochise 
culture. Collected by E. B. Sayles and Ernst 
Antevs ; submitted by E. B. Sayles. 

Arizona EE:8:13, Cochise County. Sam- 
ple from Murray Springs, about 1 mi west 
of Lewis Spring on San Pedro River, col- 
lected from heavily carbonaceous earth, 
about 500 ft northeast of an old ranch house 
at the forks of drainage, about 3 ft below 
the surface; the sample was overlain by fine 
silt in which Cochise-type artifacts occur. 


A-68 


A-69 


2850 + 200 
(1957) 


8250 + 200 








Description 


Sample 
No. 


Age 





Overlies clay containing elephant bones (ex- 
posed in main drainage). Collected and sub- 
mitted by E. B. Sayles. 

Arizona CC:12:4, Cochise County. Car- 
bonaceous material collected on San Simon 
Creek about % mi north of the railroad 
bridge east of San Simon in erosion chan- 
nel; probably Chiricahua stage. Collected 
by Ernst Antevs and E. B. Sayles; submitted 
by E. B. Sayles. 

Arizona EE:2:30, test 1, pit 1, Santa Cruz 
County. Charcoal, Matty Canyon, San Pedro 
stage, Cochise culture. Collected by Dick 
Shutler, Jr., and Alexander J. Lindsay; sub- 


A-70 


7000 + 265 
(1957) 


1950 + 200 
(1957) 


mitted by E. W. Haury. 








Horatio Hackett Newman, 


Pioneer in Human Genetics 


Following the rediscovery of Mendel’s 
principles in 1900, the science of ge- 
netics grew rapidly. Several species of 
plant and animal proved very early to 
be especially favorable for study. Among 
these were the fruit fly, Drosophila 
melanogaster, and corn,.Zea mays. Very 
soon a solid foundation was laid for the 
development of the genetics of all plant 
and animal species, including the human 
species. 

Developing simultaneously with this 
young science of genetics was Horatio 
Hackett Newman. Born in Alabama in 
1875 and showing very early an interest 
in biology, he could hardly help becom- 
ing excited about the wonders of genetics 
that were then being rapidly revealed. 
By 1905 he had received his doctor’s 
degree in zoology from the University of 
Chicago. After several years of teaching 
zoology at the University of Michigan 
and later at the University of Texas, he 
returned to the University of Chicago to 
become a member of its faculty. New- 


man, F. R. Lillie, and C. M. Child 
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formed a triumvirate that gained or 
maintained for the zoology department 
of the University of Chicago a national 
and international reputation of first 
rank. 

Very early in his career in zoology 
Newman developed an interest in plural 
births. He studied and published exten- 
sively on the embryological phenomenon 
of armadillos, in which all the members 
of each litter of four or six, depending 
upon the species, are invariably of the 
same sex and are invariably developed 
from a single fertilized egg. As time 
went on Newman gradually shifted his 
interest to human plural births, not so 
much because they interested him as a 
subject per se as because he recognized 
in them a powerful natural tool with 
which to evaluate the relative contribu- 
tion of variations in heredity and en- 
vironment to the occurrence of observed 
variations in human characteristics—es- 
pecially mental characteristics. 

Newman published six books and nu- 
merous articles, Particularly widely used 
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in colleges and universities throughout 
the United States, and to some extent 
in foreign countries, was his book en- 
titled Evolution, Genetics and Eugenics. 
Most outstanding, however, was his 
book, or monograph, called Twins, 
which he published in 1937 in collabora- 
tion with his University of Chicago col- 
leagues Frank N. Freeman and Karl J. 
Holzinger. This book is a study of the 
psychology and heredity of about 50 sets 
of identical and 50 sets of fraternal 
twins, reared together, and of 21 sets of 
twins reared apart from infancy or early 
childhood, It is a study which has prob- 
ably been quoted more often than any 
other in connection with the inheritance 
of human mental variations. 

Newman was unusually modest and 
retiring. As a result of this he did not 
compete well. He was not interested in 
details if they did not contribute to broad 
principles. Yet, he was exceptionally tol- 
erant of those who, in his opinion, picked 
pebbles and lacked interest in, or were 
incapable of contributing to, the build- 
ing of castles, Following his. retirement, 
in 1940, from the University of Chicago, 
he lived a quiet life at Clearwater, 
Florida, until the time of his death, in 
the summer of 1957. 

Newman was one of the outstanding 
pioneers in the development of the sci- 
ence of human genetics in America and, 
therefore, throughout the world. 

Heriur H. Stranpskov 
Department of Zoology, 
University of Chicago, Chicago, Illinois 
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News of Science 


Controlled Fusion 


In response to the report that news of 
British control of the fusion reaction is 
being suppressed [Science 126, 1281 (20 
Dec. 1957)], Lewis L. Strauss, chairman 
of the Atomic Energy Commission, re- 
leased the following statement from 
Paris, where he was attending the NATO 
Conference: 

“A report to the effect that the United 
Kingdom Atomic Energy Authority has 
suppressed announcement of success in 
control of the fusion reaction at my re- 
quest is completely false. 

“Research on this problem has been 
carried on in both countries indepen- 
dently for a number of years. In 1953 
the United States greatly accelerated its 
research program on which we had been 
spending less than a half-million dollars 
a year and are currently spending an 
amount many times as large and, indeed, 
as much as the research teams have 
called for. 

“Since 1956 we have shared results 
and information on the project with the 
United Kingdom as a means of more 
rapidly reaching the goal we both seek. 

“Periodically it occurs that first one 
laboratory and then another will make 
a useful and illuminating advance. These 
advances have resulted in the production 
and maintenance of quite high tempera- 
tures in a plasma of light nuclei and 
the containment of such a plasma for 
very brief but nevertheless appreciable 
lengths of time. Much longer contain- 
ment, however, must be obtained and 
much higher temperatures reached. 

“During these experiments on both 
sides of the Atlantic the emission of neu- 
trons has been observed. Whether or 
not these neutrons are produced under 
thermonuclear conditions will only be 
ascertainable as a result of elaborate and 
protracted experiments. 

“At a joint meeting in the United 
States in October, attended by scientists 
from both British and U.S. laboratories, 
information was freely exchanged. It 
was agreed that, although the tempera- 
tures reached in both countries sug- 
gested the achievement of neutrons from 
thermonuclear reactions, more work 
would be required to establish this as a 
fact. 
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“The realization of the production of 
thermonuclear neutrons, if definitely es- 
tablished, would be an important step— 
but only a step—in the long-range ef- 
forts to develop thermonuclear reactors 
for the production of economic power. 

“Dr. Arthur E. Ruark of the U.S. 
Atomic Energy Commission, who heads 
up the several projects in the United 
States, has just returned from meetings 
at Harwell, England, on the topic and 
reports that the current situation is sub- 
stantially the one described above. 

“Three weeks ago when Sir Edwin 
Plowden, Chairman of the United King- 
dom Atomic Energy Authority, was in 
the United States, we issued a joint 
statement to the effect that comparative 
observations which had been published 
about U.K.-U.S. progress in this field 
were seriously misleading. To emphasize 
the degree of collaboration, we arranged 
for substantially simultaneous publica- 
tion of reports from some of the British 
and U.S. laboratories following the nec- 
essary concurrences on a Joint Classi- 
fication Guide. The date for this. publi- 
cation will be as early in the new year 
as the papers can be made ready. 

“Tt may be important to restate that 
the development of economic thermonu- 
clear power, although I am confident 
that it will be realized, is still remote. It 
will not, therefore, interfere with the 
necessary development of reactors for 
the production of electrical energy from 
the fission of heavy elements.” 


Soviet Spokesman Describes 
Graduate Studies 


Some aspects of graduate science edu- 
cation as practiced in the Soviet Union 
are described in a brief public report 
by M: Kruglyanski of the Ministry of 
Culture. The report, which was released 
in English by the Soviet Embassy in 
Washington, stresses the assistance that 
the government gives to all students who 
possess the interest in and ability to do 
scientific research. Also emphasized is 
the wide geographic distribution of sci- 
entific establishments in Russia. Quoted 
below are some of the specific points 
that the report makes about the various 
aspects of graduate science education. 


Admission to graduate schools. “All 
citizens of the USSR, regardless of social 
position and origin, sex, race or national- 
ity, have the right to enter, provided they 
have a higher education, at least two 
years of practical experience and the 
ability for scientific work. Only as an 
exception, at the recommendation of a 
scientific council, is one allowed to enter 
a graduate course immediately after 
graduating from college. However, even 
such exceptions refer only to such the- 
oretical subjects as mathematics, physics, 
mechanics, astronomy, theoretical chem- 
istry and theoretical biology.” 

State scholarships. “All who have qual- 
ified for entrance exams get a month’s 
leave with pay to prepare for them. 
Graduate students do not have to pay 
for their education and all receive state 
scholarships. In addition they receive an- 
nual grants of one month’s scholarship 
for the purchase of scientific literature. 
They are free to use equipment, labora- 
tories, and libraries, are sent on scien- 
tific missions, participate in expeditions, 
etc., on the same footing as the scientific 
workers and teachers in the colleges and 
research institutes. Every year postgradu- 
ate students receive two months’ paid 
vacation.” 

Academic programs. “The basic 
method of training is through individual 
work according to a definite plan under 
the guidance of a science instructor. To- 
ward the end of his course, which may 
not exceed three years, the postgraduate 
student reports to the scientific council 
of the college or research institute on the 
results of his scientific work. The gradu- 
ate student may submit his dissertation 
only if the main results of his studies 
have been published. 

“There are also correspondence grad- 
uate courses with a four-year term, and 
the students enrolled in them also have 
a number of privileges. These include a 
month’s leave for entrance exams, annual 
additional paid leave, free access to 
equipment and material necessary for 
research under the scientific program. 

“There are many specialists working 
at higher educational and scientific re- 
search institutions, at plants and facto- 
ries, and collective and state farms who 
are preparing their dissertations in addi- 
tion to their day-to-day work. These 
workers get additional paid leave for fin- 
ishing their theses—three months for a 
master’s thesis and six months for a doc- 
tor’s thesis.” 

Number and distribution of students. 
“Figures reveal a constant increase in the 
number of postgraduates. In 1939, for 
example, there were 12,000 postgradu- 
ate students at the colleges and scientific 
institutions. By 1956 this figure had risen 
to some 30,000. Data on the distribution 
of postgraduate students according to 
the various branches of science show the 
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great attention being paid to the prepa- 
ration of specialists in the technical 
fields. These comprise approximately 
one-third of all postgraduate students. 
Second place goes to representatives of 
the physico-mathematical sciences and 
third, to the agricultural sciences.” 

Growth of scientific potential. “Dur- 
ing the years of Soviet power the army 
of scientists has grown 24-fold and today 
comprises 240,000 people, more than 
95,000 of whom have masters’ or doc- 
tors’ degrees. In 1956 alone the number 
of scientific workers increased by more 
than 15 percent. With each passing year 
the number of scientific establishments 
increases, and today there are some 
3,000 of them.” 

Geographic distribution of establish- 
ments. ““When we say that science in the 
USSR is developing on a broad scale, 
we have in mind not only the ultimate 
results but also the geographic distribu- 
tion of scientific establishments. In Uz- 
bekistan, for example, where before the 
Revolution only two percent of the 
population were literate, today there are 
150,000 specialists with secondary tech- 
nical or higher education. The republic 
has an Academy of Sciences and several 
scientific institutes which employ some 
6,500 scientific workers. Before the Revo- 
lution there was practically no intelli- 
gentsia in the Kazakh Soviet Socialist 
Republic, whereas today there are more 
than 230,000 specialists with secondary 
technical or higher education in the re- 
public, more than 5,000 of whom are 
employed by the republic’s Academy of 
Sciences and various scientific and edu- 
cational establishments.” 


New Standard of Length 


The Advisory Committee for the Defi- 
nition of the Metre, chaired by L. E. 
Howlett, director of the Division of Ap- 
plied Physics, National Research Council 
of ‘Canada, has unanimously agreed on 
a new standard of length—a wavelength 
of light—to be used instead of the plati- 
num-iridium bar kept at Sévres, France. 
The leading contenders as the source for 
light for the standard have been the fol- 
lowing isotopes: mercury-198, krypton- 
84, krypton-86, and cadmium-114. One 
of the wavelengths of orange light 
emitted by krypton-86 has been selected 
as the standard, and the international 
meter will be defined as 1,650,763.73 
times this wavelength. The resulting 
standard will be more than 100 times 
as precise as the present international 
meter. 

Although in practice the new standard 
is already in use, several steps remain 
before the wavelength becomes officially 
recognized. The committee mentioned 
above will send its recommendation to 
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the International Committee of Weights 
and Measures for consideration at its 
meeting in October 1958; when approved 
there, the recommendation will be pre- 
sented to the International Conference 
on Weights and Measures, which will 
meet in 1960; at that time the standard 
will become the legal international 
standard. 


Biological Science in Indonesia 


The Gustavus and Louise Pfeiffer Re- 
search Foundation has recently made a 
grant to the department of biological 
sciences at the University of Indonesia 
in Jakarta. According to Gilbert Church, 
visiting chairman of the department who 
was sent to Indonesia as part of the Uni- 
versity of California School of Medi- 
cine’s Indonesia Project in Medical Edu- 
cation, the money will be used to en- 
courage Indonesian students to continue 
their research in the various fields of the 
biological sciences, and for special equip- 
ment and supplies that may be needed 
but are not available in Indonesia. The 
research program in progress at the 
University of Indonesia is of special sig- 
nificance because heretofore almost no 
zoological research has been done in 
Indonesia. 


IGY Meteorological Data 


The World Meteorological Organiza- 
tion has announced the availability of 
microcards of International Geophysical 
Year meteorological data. The data re- 
corded during the 18 months of the IGY 
will be published on approximately 18,- 
500 microcards that will ultimately be 
sold in complete sets, partial sets, or in- 
dividually at a price to be determined 
by the number of complete sets ordered. 
At present the estimated price for a com- 
plete set is $5990. All orders should be 
placed with the World Meteorological 
Organization, IGY Meteorological Data 
Centre, 1 Avenue de la Paix, Geneva, 
Switzerland. 


Shortage of Engineers? 


Fourteen young engineers recently took 
a room at the Statler Hotel in New York 
so that they could be available for em- 
ployment interviews by members of the 
American Society of Mechanical Engi- 
neers. The society was holding its an- 
nual meeting at the Statler and at the 
nearby Sheraton-McAlpin Hotel. 

The men, 30 to 40 years old, were laid 
off a month ago when the turbomotor 
division of the Curtiss-Wright Corpora- 
tion in Princeton, N.J., was closed for 
lack of work. Salaries for the 14 men 





had ranged from $9000 to $15,000 an- 
nually. 

S. Barron, a chemical engineer and 
spokesman for the group, reported that 
the group had received six or eight tele- 
phone calls a day. Some callers asked 
for more information, some asked for 
résumés, and some arranged interviews. 
However, no one was hired. When news 
of the employment predicament became 
known, the press commented on the sharp 
change in trend that it seemed to indi- 
cate and suggested that perhaps the cur- 
rent concern over a shortage of scientists 
and engineers was being exaggerated. 


Proton Beam Brought 
Outside Accelerator 


The University of Chicago’s Enrico 
Fermi Institute for Nuclear Studies has 
announced that it has increased the re- 
search value of its 450-Mev synchrocy- 
clotron by bringing a proton beam out- 
side the accelerator and into a newly 
constructed underground experimental 
room. The beam, one of the most intense 
in the world and the first to have been 
brought outside an American accelera- 
tor, will permit use of the university’s 
machine for physical and biological re- 
search not previously possible. 

A meson beam, lighter and less power- 
ful, was extracted from the atom smasher 
when it was first operated in 1951, but 
until recently studies of proton bombard- 
ment were limited to the 9-foot-square, 
2-foot-thick vacuum chamber inside the 
cyclotron in which the protons are ac- 
celerated. With the new external beam, 
targets can easily be put in position and 
surrounded by the necessary detecting 
and recording equipment. 


AAAS-Campbell Award 


The first AAAS-Campbell award for 
Vegetable Research was given at the 
AAAS Indianapolis meeting to S. H. 
Wittwer and F. G. Teubner, Michigan 
State University horticulturists, for their 
joint work on flower formation and fruit- 
ing in the tomato. The award, which con- 
sists of $1500 and a bronze medal, was 
established in 1957 by the Campbell 
Soup Company. It is given for “an out- 
standing single research contribution, of 
either fundamental or practical signifi- 
cance, relative to the production of vege- 
tables, including mushrooms, for process- 
ing purposes, in the fields of horticulture, 
genetics, soil science, plant physiology, 
entomology, plant pathology, or other 
appropriate scientific areas.” 

A panel of seven judges, six represent- 
ing societies affiliated with the AAAS 
and the seventh representing the AAAS, 
nominated 15 scientists for the award, 
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and then selected the winners from the 
nominations. The award is based on re- 
search on the tomato that Wittwer and 
Teubner have carried out during the last 
three years. Their findings, which have 
led to increases in yield, have been ap- 
plied to greenhouse-grown crops in 
Michigan, Ohio, and Indiana. 

Wittwer was born at Hurricane, Utah, 
in 1917. He obtained the B.S. degree at 
Utah State College in 1939 and his Ph.D. 
in horticulture at the University of Mis- 
souri in 1943. Since 1946 he has been 
employed at Michigan State University. 
Teubner was born at St. Louis, Missouri, 
in 1927. He received the B.S. degree 
from the University of Missouri, Co- 
lumbia, in 1949 and continued at that 
institution for the M.S. and Ph.D. de- 
grees in horticulture, receiving the latter 
in 1953. Since then he has been at Michi- 
gan State University. 


Satellite Design 


Natural scientists at the California In- 
stitute of Technology have developed a 
cylindrical satellite that they hope will 
measure cosmic ray activity, tempera- 
tures, and meteoric impacts in outer 
space. William M. Pickering, director of 
the institute’s jet propulsion laboratory, 
reports that the first flight will be made 
sometime between the first of the year 
and the end of March. 

The satellite, 1 foot high and about 5 
inches in diameter, will be fired in a 
multistage Jupiter-C rocket, under de- 
velopment at Redstone Arsenal, Hunts- 
ville, Ala. Incorporated in the satellite 
will be C.I.T.’s new “microloc” com- 
munications system, which permits trans- 
missions over very long distances with 
very low power. 


Grants, Fellowships, and Awards 


Cancer. The American Cancer So- 
ciety has announced that 1959-60 clini- 
cal fellowships at the senior resident 
level may be applied for by institutions 
accredited by the Council on Medical 
Education and Hospitals of the Ameri- 
can Medical Association to give training 
in the following specialties, with em- 
phasis on the diagnosis and treatment of 
cancer: internal medicine, malignant dis- 
eases, neurological surgery, obstetrics-gyn- 
ecology, orthopedic surgery, otolaryn- 
gology, pathology, public health, radiol- 
ogy, surgery, and urology. The annual 
stipend, tax exempt, is $3600. Applica- 
tions must be received before 15 Febru- 
ary by the Director of Professional Edu- 
cation, American Cancer Society, Inc., 
521 W. 57th St., New York 19, N.Y. 

Educational Testing. The Educational 
Testing Service is offering a visiting as- 
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sociateship in science to a school or col- 
lege teacher for the summer of 1958. 
The candidate should have a strong 
background in at least one of the physi- 
cal sciences. The stipend is $700; trans- 
portation costs will be paid. Application 
forms must be received before 28 Feb- 
ruary by Mrs. W. Stanley Brown, Test 
Development Division, Educational Test- 
ing Service, 20 Nassau St., Princeton, 
N.J. 


Mendeliana 


The University of Illinois has acquired 
what are probably the only remaining 
letters, photographs, experiment notes, 
and personal papers of Gregor Mendel, 
founder of the science of genetics. The 
material was purchased from the widow 
of Hugo Iltis, biographer of Mendel, 
who assembled an extensive collection 
of Mendeliana at Brunn, Czechoslovakia, 
before fieeing the Nazis in 1939. The 
Mendeliana left behind in Czechoslo- 
vakia appear to have been lost or de- 
stroyed. 

Mendel, a monk, published his laws 
of inheritance in 1865. Ignored and mis- 
understood, his epochal work was for- 
gotten until his principles were redis- 
covered and acclaimed in 1900, and by 
then most of his scientific records had 
been discarded. 


New Maser 


A new amplifier that may extend the 
range of radio telescopes ten times far- 
ther out among the galaxies has been 
developed in the Gordon McKay Labora- 
tory of Applied Science at Harvard Uni- 
versity. This device, which may enable 
man to “hear” the radiation from hy- 
drogen clouds in galaxies beyond the 
range of any present instruments, was 
operated in a laboratory test for the first 
time on 7 December. Scientists believe 
that the device will allow detection of 
signals 1/1000 as strong as those which 
can be observed now. The three-level 
solid state maser (the term maser was 
coined from the words microwave am- 
plification by stimulated emission of radi- 
ation) was developed by Nicholaas 
Bloembergen, Gordon McKay professor 
of applied physics, who proposed the de- 
vice in July 1956; J. O. Artman, research 
fellow in applied physics; and Sidney 
Shapiro, graduate student. 

Thomas Gold, Harvard astronomer, 
reports that the Harvard College Ob- 
servatory hopes soon to apply the maser 
to the radio telescope, with the assistance 
of the division of engineering and ap- 
plied physics. The job cannot be done 
immediately because of the complicated 
and experimental nature of the device. 


Census of Future Scientists 


The U.S. Office of Education is con- 
ducting the first nationwide census of 
college juniors majoring in the sciences 
and mathematics. About 1100 colleges 
and universities have been invited to 
participate in the survey; more than 600 
of these institutions have assisted in pre- 
testing the questionnaire that is being 
used. 

The count will provide a basis for 
estimating the number of new scientists 
and mathematicians with bachelor de- 
grees who will be available 2 years 
hence, and of those with doctorates 6 
years hence. Several months will be re- 
quired for completion of the survey, 
which is to be conducted annually. 


Science League 


The Science League, a nonprofit asso- 
ciation for amateur scientists who are 
also radio amateurs, has been founded 
by Nelson M. Griggs, R.D. 2, Old Balti- 
more Rd., Boyds, Md., for the purpose 
of organizing better communications 
channels between amateur scientists. Par- 
ticipants meet each evening on 3525 
kilocycles at 6 p.m. E.S.T. and on 7125 
kilocycles at 9 p.m. They relay informa- 
tion of a scientific nature to the various 
member clubs and individuals, and, in 
addition, act as a clearing house for such 
information as originates with them. 

The Science League net in no way 
interferes with existing “ham” radio 
projects and radio nets that concern 
themselves with special projects. Found- 
ing members envision that the Science 
League will continue long after the In- 
ternational Geophysical Year is over. 
Membership is open to all. 


News Briefs 


The American Institute of Chemical 
Engineers will begin its golden jubilee 
year on 29 January 1958 with a com- 
memoration of the first meeting. A 
golden jubilee celebration will be held 
22-27 June. Both events will take place 
in Philadelphia, the birthplace of the 
institute. 

* + @& 

A committee has been formed to es- 
tablish, in honor of Samuel Brody, a 
lectureship memorial in agricultural sci- 
ence at the University of Missouri. Con- 
tributions may be mailed to the Samuel 
Brody Memorial Committee, Eckles 
Hall, University of Missouri, Columbia. 

* * 

A Committee of the Section of Bio- 
chemistry, International Union of Bio- 
logical Sciences,’ has recently been 
formed. It is essentially a coordinating 
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committee between the TUBS and the 
International Union of Biochemistry. 
The committee is specifically concerned 
with chemical biology within the frame- 
work of the unions federated in the In- 
ternational Council of Scientific Unions. 
An important function of the committee 
will be to make proposals for interna- 
tional symposia to both IUBS and IUB. 
It is hoped that a full committee meet- 
ing will shortly be held, perhaps during 
the 4th International Congress of Bio- 
chemistry in Vienna in September 1958. 

The committee, as at present consti- 
tuted, consists of M. Florkin (Liége), 
president; O. Lindberg (Stockholm); R. 
Brunel (Toulouse); F. Lynen (Munich) ; 
P. Boyer (Minneapolis); and T. W. 
Goodwin (Department of Biochemistry, 
University of Liverpool), secretary. 

x * * 


A colony of 12,000 mice, representing 
20 to 30 inbred pure genetic strains, will 
be maintained at the University of 
Michigan Laboratory of Mouse Genetics 
when renovations for converting the 
Laboratory of Vertebrate Biology are 
completed. A grant of $111,843 from the 
National Institutes of Health, U.S. Pub- 
lic Health Service, has supported the 
renovation. Five similar centers will be 
set up throughout the country with NIH 
support. 

* * # 

Southern Methodist University has 
opened a computing laboratory. A new 
building houses a Univac scientific 1103 
computer, the Remington Rand Service 
Bureau, and the S.M.U. Computing Lab- 
oratory offices and classrooms. The com- 
puter is operated jointly by Remington 
Rand as a service to industry and by 
S.M.U. as an academic service for re- 
search and teaching. The S.M.U. opera- 
tion is associated with the university’s 
new Graduate Research Center. Profes- 
sors and students may use the machine 
for academic research and _ training. 
Computing projects are now under way 
in the fields of engineering, mathematics, 
psychology, law, religion, management 
and others. 


Scientists in the News 


RAYMOND M. G. BOUCHER, for- 
mer head of the Aerosols Department, 
Experimental Laboratory, National Con- 
servatory of Arts and Sciences in France, 
has been appointed head of a new re- 
search program in airborne ultrasonics 
at the Vibro-Ceramics Division of Gul- 
ton Industries, Inc., Metuchen, N.J. 


VLADIMIR HAENSEL, director of 
refining research, Universal Oil Products 
Company, Des Plaines, IIl., has received 
the Professional Progress Award of the 
American Institute of Chemical Engi- 
neers for his “important contributions to 
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the development of catalytic processes for 
the treatment of petroleum products.” 

Also, THOMAS J. HANRATTY, as- 
sistant professor of chemical engineering 
at the University of Illinois, has received 
the A.I.Ch.E. Junior Award for excellent 
contributions to A.I.Ch.E. publications 
by a younger member of the Institute. 


BRUNO OETTEKING has retired 
from Columbia University and from the 
Museum of the American Indian, Heye 
Foundation, New York. Also, he has 
been named a corresponding member of 
the German Anthropological Association. 


ANTONI K. OPPENHEIM, associate 
professor of mechanical engineering at 
the University of California, Berkeley, 
has been appointed visiting professor of 
engineering in the department of chemi- 
cal and metallurgical engineering at the 


University of Michigan. 


R. G. ORELLANA, after completing 
an assignment in Peradeniya, Ceylon, 
for the Food and Agricultural Organiza- 
tion’s Technical Assistance Program, has 
resigned his position with the Inter- 
American Institute of Agricultural Sci- 
ences in Costa Rica. He has been ap- 
pointed plant pathologist in the Oilseed 
and Industrial Crops Research Branch 
of the U.S. Department of Agriculture 
in the division of plant pathology, Uni- 
versity of Florida, Gainesville. He is now 
investigating diseases of castorbean and 
sesame, 


PAUL A. SIPLE, antarctic explorer, 
has received the Army’s Distinguished 
Civilian Service Award for his scientific 
leadership at the South Pole. Siple has 
just returned from Antarctica, where he 
has been serving since October 1956 as 
deputy to the officer in charge of the 
United States antarctic programs for the 
International Geophysical Year. 


C. E. DAVIS has retired as secretary 
of the American Society of Mechanical 
Engineers after 23 years of service in 
that office and nearly 38 years in the 
service of the society. Davis will con- 
tinue to serve as coordinator for the 
United Engineering Center. He is suc- 
ceeded in the secretaryship by O.' B. 
SCHIER, II. 


The last three in the series of five Wil- 
liam Pyle Philips Lectures on advances 
in microbiology will take place at H2ver- 
ford College as follows: 13 Feb., DAVID 
M. BONNER of Yale University, “Genes 
and Their Action”; 12 March, JOSHUA 
LEDERBURG of the University of 
Wisconsin, “Reproductive Versatility in 
Bacteria”; and 11 Apr. ARTHUR 
KORNBERG of Washington University, 
“Enzymatic Approaches to the Chemical 
Basis of Heredity.” The two first lectures 





were delivered by S. E. LURIA of the 
University of Illinois and ROGER Y. 
STANIER of the University of Cali- 


fornia. 


HOWARD P. McCOLLUM has re- 
cently been appointed supervisor of sci- 
ence for the state of Louisiana. Similar 
appointments affecting science teaching 
have been made in North Carolina, Con- 
necticut, New York, Pennsylvania, and 
New Mexico. 


PAUL E. BROWN, formerly a senior 
engineer with the General Electric Com- 
pany, has accepted a position with Ar- 
gonne National Laboratory as an associ- 
ate engineer in the reactor engineering 
division. 


CLARK T. ROGERSON, assistant 
professor of botany at Kansas State Col- 
lege and assistant mycologist at the Kan- 
sas Agricultural Experiment Station, has 


been named curator of the cryptogamic . 


herbarium of the New York Botanical 
Garden, effective 1 February. Dr. Roger- 
son’s special studies have been on the 
parasitic fungi of Kansas and the tax- 
onomy of Ascomycetes and the Hypo- 
creales. 


Recent Deaths 


F. A. BANKS, San Marino, Calif.; 
74; U.S. Reclamation Bureau engineer, 
became responsible in 1933 for the con- 
struction of Grand Coulee Dam; super- 
vised the dam’s operation until 1950; 
14 December. 

Cc. F. BECKWITH, New York; 70; 
mechanical engineer and cofounder of 
Aqua Systems, Inc., manufacturers of 
equipment for gasoline service stations; 
17 December. 

HENRY C. CORTES, Dallas, Tex.; 
65; vice-president and director of Mag- 
nolia Petroleum Company; 6 December. 

H. ELIASBERG, New York; 67; as- 
sociate clinical professor of pediatrics at 
Cornell University Medical College; co- 
discoverer in 1920 of epituberculosis; 16 
December. 

GUSTAF W. ELMEN, Englewood, 
N.J.; 80; former metallurgist at Bell 
Telephone Laboratories and specialist in 
magnetic research; 10 December. 

EARL T. ENGLE, Suffern, N.Y.; 61; 
professor of anatomy at the College of 
Physicians and Surgeons of Columbia 
University; 17 December. 

HARVEY A. K. WHITNEY, Ann 
Arbor, Mich.; 63; founder of the Amer- 
ican Society of Hospital Pharmacists; 15 
December. 


Erratum: On page 1173 of the 6 December 
issue of Science, it was stated incorrectly that 
Floyd H. Allport is professor emeritus at the Uni- 
versity of Oregon. He is professor emeritus at 
Syracuse University. 
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Segregation Analysis in 
Human Genetics 


Thirty years ago, the infant science of 
human genetics was largely concerned 
with accumulating examples of regular 
Mendelian inheritance. By the methods 
of that period, devised by Weinberg, 
Bernstein, and others, it was not diffi- 
cult to recognize traits that approxi- 
mated monogenic inheritance, at least 
in some pedigrees. However, as larger 
and more representative samples were 
collected, many of these conditions ap- 
peared to deviate from simple Mendel- 
ian models in ways that suggested spo- 
radic cases of mutational or nongenetic 
origin, mixture of genetic entities, differ- 
ential viability, incomplete penetrance, 
or irregularities in the sampling (“‘ascer- 
tainment”) procedure. Human geneticists 
have become increasingly interested in 
these discrepancies as critical evidence 
on the inheritance, gene frequencies, 
mutation rates, genetic risks, selection 
pressures, and homogeneity of genetic 
traits, 

As soon as deviations from the sim- 
plest models were encountered, the tra- 
ditional statistical methods of human 
genetics became inadequate. In some 
cases these methods have been found to 
be unreliable in small samples (J). More 
generally, they fail to provide tests of 
internal consistency or to distinguish 
among alternative hypotheses which in 
principle are quite distinct, such as par- 
tial sex-linkage and sex-biased manifes- 
tation, or mutations, phenocopies, and 
incomplete penetrance. Further progress 
in many aspects of human genetics must 
await the application, not only of better 
laboratory techniques, but also of a more 
refined methodology, made possible by 
modern developments in mathematical 
statistics. 





All technical papers and comments on them are 
published in this section. Manuscripts should be 
typed double-spaced and be submitted in duplicate. 
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of 1200 words; this includes the space occupied by 
illustrative or tabular material, references and 
notes, and the author(s)’ name(s) and affilia- 
tion(s). Illustrative material should be limited to 
one table or one figure. All explanatory notes, in- 
cluding acknowledgments and authorization for 
publication, and literature references are to be 
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Reports 


Segregation and recombination, the 
basic data of formal genetics, pose con- 
trasting analytical problems. (Segregation 
relates to the distribution of progeny 
with respect to a single genetic locus, 
and recombination, to the element in- 
troduced when two loci are considered 
simultaneously.) The alternative to 50 
percent recombination is linkage with 
some smaller recombination value, whose 
a priori distribution is in principle spe- 
cifiable and can in fact be approximated. 
Usually no other parameter need be esti- 
mated, nor the ascertainment of the 
main locus specified. Here is a problem 
differing from that usually encountered 
in scientific research in being amenable 
to the acceptance sampling theory of 
Neyman and Wald, which assumes a for- 
mal alternative to the null hypothesis. 
These small-sample methods, adapted to 
sequential analysis, are of all linkage 
tests in man the most precise, powerful, 
and utilitarian (1, 2). 

Segregation, on the other hand, op- 
poses a variety of alternatives to the null 
hypothesis that specifies the proportion 
affected p (for example, p= % for an 
intercross with 50-percent penetrance of 
the recessive homozygote). The true pro- 
portion may be larger or smaller than 
this, the ascertainment model may be 
incorrect, or segregation may be con- 
fused with sporadic cases of different 
etiology, and to these alternatives no a 
priori probabilities can reasonably be as- 
signed. To such problems, characteristic 
of scientific research, acceptance sam- 
pling theory provides no solution. For- 
tunately, human families give much 
more information about segregation than 
about recombination, so that large-sam- 
ple theory is appropriate. The maximum 
likelihood theory of Fisher is the method 
of choice, since to its excellent theoret- 
ical credentials may be added the advan- 
tage of analysis by simple addition of 
iterative scores. This application was in- 
itiated by Finney (3) and has now been 
extended to a number of common ge- 
netic situations. It is the purpose of the 
present report (4) to indicate the log- 
ical structure of this extension so that 
practitioners of human genetics may 
choose methods of analysis appropriate 
to their data. A full exposition, with 
derivation of formulae and tables of 
scores, is in preparation. 


The expected proportion affected p 
(assumed constant among families of a 
particular mating type) is specified by 
Mendelian theory if penetrance is com- 
plete. With incomplete penetrance, a 
simple analysis must be restricted to 
matings with the same theoretical pro- 
portion, which is multiplied by the pene- 
trance to obtain the effective proportion 
p. For example, if onset is delayed, the 
penetrance will lie between 


Sf(z) G(z)dz 
and 


Sfi(z) G(z) dz 


where f(z) is the frequency of age z at 
death or last examination among af- 
fected individuals and their normal sibs, 
f(z) is this frequency with the first pro- 
band in each family excluded, and G(z) 
is the cumulative frequency of onset at 
age z among affected cases. Any treat- 
ment of incomplete penetrance must be 
approximate if there is interfamily het- 
erogeneity in penetrance or age of on- 
set, but maximum likelihood scores pro- 
vide empirical standard errors against 
which genetic hypotheses may be tested. 

Incomplete ascertainment is one of the 
most troublesome problems in human ge- 
netics and requires a special vocabulary. 
A proband is an affected person ascer- 
tained independently of the other af- 
fected members of the family. The as- 
certainment probability x (assumed to 
be independent of the number of affected 
sibs, the severity of their affection, and 
the number of probands among sibs) is 
the probability that.an. affected person 
be a proband. The ascertainment prob- 
ability approaches zero if very few af- 
fected family members are probands 
(single selection) and unity if there is 
complete selection of affected children 
(truncate selection). In the general case 
of multiple selection (0 << = 1), there 
will be a probands in a sibship with r 
affected, with probability 


8=(t=2P 


where 1 =a=r. Each proband may be 
independently ascertained t times 





ti (1 —x)-In(1—x)}* 
t!x 

with ¢ = 1. Comparison of scores for x 
from Pq) and Pi) provides a test of 
the hypothesis that sources of ascertain- 
ment are independent. This granted, the 
scores may be pooled for comparison 
with a third sum of scores, obtained from 
the distribution of r among families. The 
more information about x that can be 
derived in these ways, the more precise 
the tests on other parameters will be. In- 
formation from the distribution of ¢ has 
apparently never before been used. 

At this point it is necessary, for clar- 
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ity, to distinguish between isolated and 
sporadic cases. Isolated cases may be of 
the same origin as familial cases, and the 
absence of affected sibs due to chance, 
or they may be sporadic, of different 
origin (mutation, phenocopy, and so 
forth). To distinguish between incom- 
plete penetrance and sporadic cases, we 
may recognize a quantity x, the frequency 
of sporadic cases among affected cases 
in the population, and test the hypothe- 
sis that no isolated case is sporadic 
(x =0). For example, if a trait is some- 
times due to a rare dominant gene, the 
probability that an affected parent with 
s children have at least one affected child 
is 


Pip>0) = (1-#) (1- 4") 


where g = 1 -— p, and the scores for x give 
a specific, and the most efficient, test for 
the existence of sporadic cases not trans- 
missible to the progeny. 

If families are ascertained through 
parents or other relatives without regard 
to the children, and if x=0, the prob- 
ability of a segregating family (r > 0) is 


Pies =a tie) 
for possible backcrosses, and 
Pir >0)=(1-h)*(1- 4) 


for possible intercrosses, where h, the 
probability that a parent of dominant 
phenotype be homozygous, is determined 
under random mating by the gene fre- 
quencies. Using this theoretical value of 
h, we may compare the scores for p from 
segregating and nonsegregating families 
with the scores from the distribution of r 
in segregating families as a test of the hy- 
potheses that x =0 and that mating is 
at random with the specified gene fre- 
quencies. 

If xu «(1—x)p, where p is the pro- 
portion affected among sibs of sporadic 
cases, then familial cases of sporadic 
origin may be neglected, and the prob- 
abilities for isolated and familial cases, 
respectively, are 
P(r=1\r >0)> 

spai(x + (1—*)q*"] 
xsput (1—x)[1—- (1- px)*] 





and 


AY 
rgs-tT] — 1- r 
Pores 1y =r) art (1-2) 
1-(1-pn)*—aspq™ 


The distribution of r for familial cases 
gives a third sum of scores for x and a 
test of the null hypothesis about p, inde- 
pendent of x, while the distribution of 
isolated and familial cases tests the hy- 
pothesis that x =0, or permits an esti- 
mate if this hypothesis is rejected. 
Sex-linked genes present interesting 
problems, such as that of distinguishing 
the mutation rates in the two sexes. 
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spalx + (1-x)q*") 





Por= lr > 0)~ xepmF O(1— a) = (1 pa)*= (4p +a)" * (EP + a BPR) 


(5)erantt - (1-2) - (4) 





Pne> = T= 


1—px)*— (4p+q)*+ (4p +9 —-4dpx)* — (aspqs1)/2 


Fig. 1. Probabilities for different numbers of affected children under multiple selection 


with at least one affected girl. 


However, for a decisive analysis, more 
penetrating methods are required than 
have so far been applied to this ques- 
tion. For a deleterious sex-linked reces- 
sive trait, the probability that an affected 
male be sporadic is 


x=mu/(2u+v) 


where m is the coefficient of selection 
against affected males, u and v are the 
mutation rates in egg and sperm, re- 
spectively, and it is assumed that car- 
rier females have normal fertility and 
that all cases are sex-linked. The test of 
the hypothesis that u =v reduces to test- 
ing whether x = m/3. 

Corroboration of this test may be 
sought in the distribution of affected 
maternal uncles, assuming ascertainment 
through nephews. If two or more 
nephews are affected, the probability 
that at least one of s maternal uncles 
be affected is 


Pip > 0) = (1-4) (1 4") 


where the expected value of x’ is % on 
the hypothesis of sex linkage. Similarly, 
if only one nephew is affected in a sib- 
ship of n nephews, the probability that 
at least one maternal uncle be affected, 
if ascertainment is through the nephew, 
is 

p —(1-*)(1-#’)q™t(1—- gq") 

(r > 0) x+(1-—x)q™! 





These distributions provide a test of 
homogeneity of x and of x’, of the devi- 
ation of x’ from Y, and of x from m/3, 
the last deviation being accepted as sig- 
nificant only if the others are nonsig- 
nificant. 

These ancillary tests are particularly 
important if sex-linked and autosomal 
cases may be confused, in which event 
families with autosomal or sporadic 
cases may be recognized if they contain 
at least one affected girl. The prob- 
abilities for isolated and familial cases 
under this condition are given in Fig. 1. 

Genetic tests in man have never been 
carried out with the precision of these 
methods, the practical limitations of 
which cannot therefore be specified. 
Considerable caution should be exer- 
cised in analysis of medical literature or 
other biased sources, or if correct diag- 
nosis is more likely in familial cases. 
However, it is still possible that the dis- 
tribution of r for familial cases may be 


adequately described by the formulae 
of this report. 

With careful enumeration’ of probarids 
and ascertainments when x is less than 
1, these methods should be sufficiently 
general for almost any Mendelian analy- 
sis, provided that the mating types to be 
analyzed do not contain a mixture of 
segregation frequencies. (Common genes 
with low penetrance will continue to 
defy precise analysis.) For the typical 
case of a rare or highly penetrant gene, 
the method of maximum likelihood 


scores for p, x, h, and x, applied to the . 


distributions of this report, will provide 
a simple and more powerful analysis 
than has been previously available. 
Newton E. Morton 
Department of Medical Genetics, 
University of Wisconsin, Madison 
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Structure of 
Adenine Polynucleotide 


The x-ray diffraction pattern of un- 
treated individual fibers of enzymatically 
synthesized adenine polynucleotide has 
been presented and discussed by Watson 
(1). A more crystalline preparation of 
the polymer has been obtained from ma- 
terial synthesized by Roland F. Beers, 
Jr. (2), spun into a bundle of fine 
fibers, and stretched while bathed in a 
heated mixture of ethanol and dichloro- 
acetic acid (DCA) (3). The distribu- 
tion of intensity on the x-ray diagram of 
these fibers is similar to that given by 
untreated fibers, showing that the form 
of the molecule is not greatly altered; 
differences of detail are observed, how- 
ever, chiefly on the equator and on the 
first layer line. The 13 reflections here 
observed indicate a tetragonal unit cell, 
22.6 by 22.6 by 15.0 A. A fourfold screw 
axis is evident parallel to the fiber axis, 
with translation of 3.75 A. The observed 
density of these fiber bundles (~ 1.60) 
suggests 16 nucleotide residues and 16 
molecules of DCA per unit cell (calcu- 
lated density, 1.66). 
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Ochoa and Heppel (4) have demon- 
strated that adenine polynucleotide is a 
35’ adenosine diester of phosphoric 
acid. Furberg (5) has given bond dis- 
tances and angles appropriate for a B-p- 
riboside; Broomhead (6) and Cochran 
(7) for adenine; Dunitz and Rollett (8) 
for a phosphoric acid diester. Barton and 
Cookson (9) and Mizushima (10) have 
summarized the principles of “confor- 
mational analysis.” Using the above in- 
formation and assuming that the polymer 
has no branches, we have deduced the 
probable preferred orientations of the 
groups around each of the six single 
bonds in the main chain of the polymer. 
The method developed by Bear (11) for 
collagen was then employed to exhibit, 
in a systematic way, all possible con- 
figurations of such a chain which would 
fit the several helix-net interpretations of 
the fourfold screw. The configurations 
fell into six main groups, in each of 
which one or more ways of satisfying 
net requirements were found. However, 
only three models capable of containing 
the required number of chains with 
atoms confined to radial limits of about 
8 A could be built. One of these was dis- 
carded because the adenine-ribose bond 
was parallel to the fiber axis, which is 
expected to result in positive double re- 
fraction in contradiction to the negative 
sign observed by Rich (12). The remain- 
ing two, termed structures I and II, both 
have the planar adenine moieties per- 
pendicular to the fiber axis, and both 
are adaptable to the observed unit cell 
as chain pairs whose pair axes run 
through the corners and the center of the 
square basal cell section. 

The space group of structure I is 
P4,22. The fourfold screw is left-handed, 
and the two chains of each pair are re- 
lated to each other by the perpendicular 
dyad axis. They are held together by a 
pair of reciprocal OH—O bonds of 
length 2.84 A between the O’-2 of one 
ribose group and the O/-1 of the other 
in each residue pair. The bonding is 
similar in type and length to that be- 
tween O-1 and O-5 in glucose as deter- 
mined by McDonald and Beevers (13). 
The P=O’s of one chain are in contact 
with those of the other in the next turn 
of the screw. The adenine groups of any 
one double helix are in van der Waals 
contact in sets of two, and between any 
two adjacent double helices the bases 
form a solid column because of inter- 
penetration. 

The two chains of structure II are 
related by a dyad parallel to the fiber 
axis and are held together by a recipro- 
cal pair of NH—N bonds between N-10 
and N-1 of the adenine groups (pairing 
No. 2 of Donohue, /4). The systematic 
analysis of stable chain conformations 
led to this pairing rather than to pairing 
No. 1 of Donohue, which has been em- 
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ployed by Watson (1) in an otherwise 
quite similar model. No other intra- 
molecular H-bonds are here possible. 
The screw is now right-handed, and the 
space group is P4,. Preliminary coordi- 
nates for both models are given in 
Table 1. 

Fig. 1 shows, with vertical bars, the 
position in reciprocal space (and an in- 
dication of the relative intensity) of the 
reflections given by DCA-treated fiber 
bundles of adenine polynucleotide. 
Under each reflection is its index in the 
tetragonal lattice. On the right half of 
the figure in curving lines is the position 
of intensity shown on optical transforms 
(see Wyckoff et al., 15) of a single dou- 
ble helix of type I in projection per- 


pendicular to the dyad axis (solid line) 
and in projection 45° to the dyad (dot- 
ted line). On the left is shown the loca- 
tion of intensity due to similar trans- 
forms of structure II in projection per- 
pendicular to the x-axis (solid line) and 
22%2° to this axis (dotted lines). The 
intensities shown on each equator were 
derived from projections perpendicular 
to the fiber axis. Except for the equator 
for structure I, the optical transforms 
included neither cation nor DCA. The 
equatorial intensities for structure I in- 
clude 16 DCA molecules placed in the 
cell to bind adjacent double helices. The 
transform of structure II lacks intensity 
in the (401)-(421) region of reciprocal 
space. With structure I, the regular oc- 


Table 1. Right-handed Cartesian coordinates for structures I and II in angstroms. 





Structure I 


Structure II 
































Atom 
x y Zz x y z 
C’-1 4.33 2.34 0.00 6.45 2.15 0.00 
C’-2 4.37 1.67 1.32 7.50 2.00 — 1,03 
C’-3 3.03 2.05 1.83 6.80 2.90 -2.11 
C’-4 2.08 2.00 0.65 6.25 4.05 — 1.33 
C’-5 0.95 2.90 1.10 4.90 4.80 — 1.74 
O’-1 3.03 1.87 - 0.50 5.85 3.40 0.00 
O’-2 4.62 0.30 1.40 8.85 2.10 — 0.69 
O’-3 2.36 1.36 2.88 7.75 3.20 - 3.10 
O’-5 2.20 0.35 5.00 4.50 5.85 - 0.80 
P $.17 1.30 4.20 3.25 6.75 — 0.60 
OH 4.67 1.45 4.55 4.10 7.90 - 0.90 
=O 2.30 2.45 4.40 2.05 5.90 — 0.60 
N-1 3.55 7.40 0.00 1.50 1.10 0.00 
C-2 2.65 6.35 0.00 2.10 2.30 0.00 
N-3 2.95 5.10 0.00 3.45 . 2.45 0.00 
C-4 4.30 4.90 0.00 4.10 1.25 0.00 
C-5 5.30 5.85 0.00 3.55 0.00 0.00 
C-6 4.90 7.20 0.00 2325 - 0.15 0.00 
N-7 6.55 5.25 0.00 4.55 - 0.95 0.00 
C-8 6.25 3.95 0.00 5.65 — 0.20 0.00 
N-9 4.95 3.67 0.00 5.45 1.10 0.00 
N-10 5.70 8.20 0.00 1.50 — 1.25 0.00 
C 
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Fig. 1. Comparison of diffraction intensities. 
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currence of nearly planar H-bonded 
furanose rings, separated by approxi- 
mately 5 A and tilted 20° to the fiber 
axis, is responsible for the great intensity 
seen in this area. It is these reflections, 
in fact, which constitute the most strik- 
ing similarity between the diagrams of 
adenine polynucleotide and ribonucleic 
acid (RNA) and their greatest contrast 
to that of deoxyribonucleic acid (DNA). 
Because the x-ray diffraction pattern 
of adenine polynucleotide resembles that 
of RNA (16) (and differs from that of 
DNA), it is expected that the structures 
of adenine polynucleotide and RNA are 
similar. The form of H-bonded_ back- 
bone described for structure I above can 
serve as a basis for the structure of 
RNA, since any sequence of purines or 
pyrimidines can be accommodated on 
either chain and the configuration de- 
pends, for its regularity and stability, 
only on that feature of the chain 
which distinguishes RNA (and the syn- 
thetic polyribonucleotides) from DNA— 
namely, the hydroxyl group on C’-2 of 
the sugar moiety. Furthermore, the 
6-keto and 6-amino groups of both pu- 
rines and both pyrimidines would, in this 
kind of structure, fall at almost exactly 
equivalent positions. This offers the pos- 
sibility of their bonding to amino acids 
or other molecules in a structurally regu- 
lar way despite their seeming disparity 
of size. Chargaff and Elson (17), who 
have demonstrated the numerical equal- 
ity of these groups, have also suggested 
such a type of bonding (/8). 
“Ricoarp S. Morcan* 
Ricuarp S. BEAR} 
Department of Biology, Massachusetts 
Institute of Technology, Cambridge 
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Role of Parenchyma Cells in 
Graft Union in Vanilla Orchid 


The successful grafting of numerous 
monocotyledons has been previously re- 
ported (/, 2). This work demonstrated 
that grafts could be made in several 
grass species and in certain monocotyle- 
donous tropical lianas. It was shown 
that, contrary to accepted usage, a cam- 
bium was not essential for graft union 
but that any meristematic tissue was suit- 
able for this purpose. The principle that 
any meristematic tissue is capable of 
forming a union between scion and stock 
was extended to another monocotyledo- 
nous group, the Orchidales, in the study 
described in this report. 

The vanilla orchid of commerce, Va- 
nilla planifolia Andr., is susceptible to a 
root rot, Fusarium sp., which has nearly 
destroyed the industry in Puerto Rico. 
Attempts were made, therefore, to graft 
Vanilla planifolia on another species, V. 
phaeantha Reichenb., which is resistant 
to the fungus. The method used was 
similar to that previously described for 
grafting lianas {2). Like the lianas, Va- 
nilla has no definite intercalary meri- 
stem, but the actively growing tips re- 
main meristematic. The stem of the V. 
phaeantha stock was broken in the third 
to fifth internode. A paper tube dipped 
in paraffin was slipped over the stock, 
and a scion of V. planifolia of equal 
diameter was inserted into the tube. The 
scion, also, had been obtained by break- 
ing of the parent stem in the actively 
growing region, The scion was placed 
firmly in contact with the stock and tied, 
to hold it in place. Both intra- and inter- 
specific grafts were attempted. The graft 
union in the Vanilla was different from 
that in the grasses and lianas in that the 
process of union was arrested at the 
point where parenchyma bridges were 
formed between scion and stock. Two 
months after grafting of the Vanilla, 
parenchyma bridges were found, but 
after 2 years there was no evidence of 
the formation of vascular tissues across 
the graft union. This was true both of 
intra- and interspecific grafts. In the 
grasses, vascular connections were found 
within 6 to 8 weeks after grafting and in 
the lianas, within 12 to 16 weeks. 

Approximately 5 percent of the V. 
planifolia scions survived for over 2 
years. Growth was extremely variable. 
Some scions began growth within 2 





months and grew to a length of several 
feet, whereas others lived for a year or 
more before growing. During this time, 
they retained their original leaves. 
Growth was slow in the majority of 
cases. If the nodal roots which hold the 
plant to its support were permitted to 
grow into the soil, the stock died, and 
the scion then persisted on its own roots. 

Tests were made in which the bases 
of scions were dipped in coconut milk, 
in coconut milk plus one part per mil- 
lion of 2,4-D, and in one part per mil- 
lion of 2,4-D in water solution. Coconut 
milk appeared to have a beneficial effect, 
and it was possible to pick out the scions 
dipped in coconut milk by their better 
color and vigor. Dipping in coconut milk 
plus 2,4-D, or in 2,4-D water solution, 
was deleterious. 

Wardlaw (3) found that if the shoot 
apex of certain ferns was isolated from 
the surrounding leaf primordia and 


stelar tissue by vertical cuts, it continued . 


to grow and produce both vascular tissue 
and leaf primordia. No connection took 
place between the newly formed vascular 
tissue and that formed prior to the sur- 
gery, and all translocation was across 
parenchyma cells. The experiments re- 
ported in the present paper demonstrate 
that Vanilla grafts can survive and grow 
for at least 2 years on parenchyma 
unions. These parenchyma cells must, 
therefore, serve for both upward and 
downward translocation, since they form 
the only union between scion and stock. 
These results suggest the possibility that 
parenchyma cells could play a similar 
role in intact plants. 

Tuomas J. Muzix* 
Federal Experiment Station, 
Mayaguez, Puerto Rico 
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Amino Acid Factor in 
Control of Abscission 


The role of indoleacetic acid in the 
control of abscission of plant organs has 
been demonstrated repeatedly since Lai- 
bach (1), in 1933, first observed that 
orchid pollinia retarded the abscission of 
debladed petioles. Addicott and Lynch 
(2) have reviewed other factors which 
may affect abscission, including acidity, 
ethylene, mineral metabolites, carbohy- 
drate level, auxin gradients, oxygen, and 
carbon dioxide. Several of these have 
been shown to exert indirect effects in 
the control of abscission. The effect of 
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Table 1. Effects of amino acids upon the 
time required for abscission of unfertilized 
ovaries of two varieties of tobacco. The 
figures show average time in hours from 
anthesis to completion of abscission. 





Lizard’s Tail 








Little Turkish 
0.01M 0.1M 0.01M 0.1M 
Methionine 
24 20 31 26 
Leucine 
50 38 80 40 
Alanine 
57 45 85 60 
Glutamic acid 
57 45 112 60 
Valine 
80 50 130 90 
Cystine 
98 89 170 161 
Cysteine 
94 No 126 No 
abscission abscission 
Control (water) 


99 93 176 165 


others is uncertain at present, but it is 
generally agreed that indoleacetic acid 
plays a major role in the control. 

The dissolution of the middle lamella 
of the cell wall during abscission was de- 
scribed first by Lee (3). Facey (4), 
through microchemical tests, character- 
ized the dissolution as.a change of cal- 
cium pectate into pectic acid which, in 
turn, is changed to water-soluble pectin. 
Recently Cormack (5) has emphasized 
the calcium pectate character of the ce- 
menting layer between cells, Ordin, 
Cleland, and Bonner (6) have reported 
that the methyl carbon atom of labeled 
methionine is rapidly incorporated into 
the pectic materials of cell walls of 
Avena coleoptile sections, and Byerrum 
and Sato (7) have also reported the in- 
corporation of the methyl group of 
methionine in pectin isolated from radish 
plants. These observations suggest that 
methylation of the carboxyl groups of 
adjacent pectin molecules may be in- 
volved in the splitting of calcium bridges 
leading to abscission and that the amino 
acid methionine may serve as a methyl 
group donor. Experimental evidence in- 
dicates that an amino acid factor does, 
in part, control abscission. 

Two varieties of Nicotiana tabacum, 
namely Lizard’s Tail and Little Turkish, 
were grown under uniform greenhouse 
conditions and used as experimental 
plants. Various aqueous solutions of 
L-amino acids (pi-methionine, pt-leu- 
cine, Di-valine), after being adjusted to 
pH 6.0, were injected directly into the 
unfertilized ovaries of flowers at the 
time of anthesis by means of glass tub- 
ing drawn to a fine point. In 24 hours, 
0.15 to 0.2 ml of the solution were 
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taken up by the tissue. Fertilization was 
prevented by covering the stigma with a 
small foil zylinder. The results of such 
treatment upon the abscission of the 
flowers are tabulated in Table 1, for a 
representative experiment. Each value 
represents the average time required for 
abscission to occur for ten flowers on one 
plant. Cysteine at a concentration of 
0.1M proved toxic, as evidenced by a 
shriveling of the tissue without the oc- 
currence of abscission. 

The effect of methionine is quite re- 
markable, the time for abscission of the 
ovary on Lizard’s Tail plants being re- 
duced from 4 days to 1 day, and the 
time for abscission of the ovary on Little 
Turkish plants being reduced from 7 
days to 1 day. A significant acceleration 
of abscission was also obtained with leu- 
cine, alanine, and glutamic acid. Al- 
though the role of methionine as a 
methyl donor in organisms is well estab- 
lished (8), there is little or no infor- 
mation on the general aspects of methyl- 
ation or transmethylating systems. The 
effects of amino acids other than methio- 
nine may result from their serving as 
methyl donors directly or from transfor- 
mations giving rise to labile methyl 
radicals. 

These observations suggest that methi- 
onine, as a methyl donor, and indole- 
acetic acid interact to control abscis- 
sion (9). 

Rosert E. YAGER 
Rosert M. Muir 
Department of Botany, 
State University of Iowa, Iowa City 
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Production of Reversible 
Changes in the Central 
Nervous System by Ultrasound 


For the past several years an intensive 
research effort has been in progress at the 
Bioacoustics Laboratory of the University 
of Illinois on the production of selective 
lesions in the tissues of the central nerv- 
ous system by high intensity ultrasound 
(1). Considerable information has been 
obtained concerning the dosage condi- 
tions required for the production of such 
lesions, and neuroanatomical studies uti- 
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Fig. 1. Cortical potentials evoked by a 
flash of light (left) before irradiation, 
(middle) at the termination of irradia- 
tion, (right) 30 minutes after irradiation. 


lizing this technique are now in progress. 
Relatively recent electrophysiological in- 
vestigations indicate that reversible sup- 
pression of transmission along neural 
pathways can be accomplished by apply- 
ing a controlled dosage of ultrasonic 
radiation at various sites along these 
pathways (2). By irradiating with ultra- 
sound in the lateral geniculate nucleus 
it is possible to suppress temporarily the 
potential usually evoked in the visual 
cortex in response to a light stimulus. It 
should be noted that this effect is pro- 
duced by a dosage of ultrasound which 
does not cause any histologically observ- 
able lesion in the tissue. This ultrasonic 
technique of producing reversible changes 
offers unique opportunities for three- 
dimensional mapping of central nervous 
system function. 

Bipolar recording electrodes are 
placed in the appropriate cortical areas 
on both hemispheres to detect the evoked 
potentials. The focused ultrasonic beam 
source is used to irradiate the region of 
one of the lateral geniculate nuclei of 
the animal (cat) since these nuclei are 
sites of synaptic stations along the visual 
pathway. The ultrasonic energy must be 
transmitted from the irradiator to the 
brain through degassed Ringer’s solution, 
and the intervening skull bone must be 
removed. 

Stimulation of the eye by light is re- 
peated at fixed time intervals before, 
during, and after ultrasonic irradiation, 
and continuous electrical recording is in 
progress during the course of the experi- 
ment. A series of three light flashes, with 
approximately 3 seconds between flashes, 
is used to stimulate the eye of the ani- 
mal. This series of flashes is repeated at 
variable intervals of time before, during, 
and after exposure to the ultrasonic radi- 
ation. The focus of the sound beam is 
placed successively in and around the 
region of the lateral geniculate nucleus. 
With a suitably chosen sound level and 
with an exposure time in the range from 
20 to 120 seconds, it has been possible to 
produce reversible suppressions of vari- 
ous components of the elicited electrical 
response in the visual cortex. The type 
of result illustrated in Fig. 1 has been ob- 








tained in a number of animals. Figure 1 
shows the cortical potentials (two elec- 
trodes) evoked by a flash of light (i) 
before ultrasonic irradiation, (ii) at the 
termination of the ultrasonic exposure 
period, and (iii) subsequent to irradia- 
tion. At the termination of the ultra- 
sonic irradiation period the amplitude 
of the primary response (upper record) 
was reduced to less than one-third of its 
original value. The amplitude of the sec- 
ondary response (upper record) was re- 
duced to practically zero. Complete re- 
covery of the primary and secondary 
response was apparent 30 minutes after 
exposure. 

Experiments are in progress to quan- 
tify further the conditions for producing 
controlled reversibility and to determine 
the site or sites (synapses, axons, cell 
bodies) of action of the sound (3). 

F. J. Fry 
Bioacoustics Laboratory,* 
University of Illinois, Urbana 

H. W. Aves 

Division of Neurophysiology and 
Acoustics, U.S. Naval School of 
Medicine, Pensacola, Florida 

W. J. Fry 
Bioacoustics Laboratory,* 
University of Illinois 
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Effects of Caffeine and 
Chlorpromazine on the Sexual 
Behavior of Male Rats 


Although the effects of stimulant and 
tranquilizing drugs on sexual behavior 
are of considerable importance, the 
amount of systematic research on this 
problem has been negligible. Soulairac 
and Coppin-Monthillaud (J) have re- 
ported that after an injection of 30 mg 
of caffeine (and sodium benzoate) per 
kilogram, male albino rats decreased 
their latency to first sexual activity and 
increased their rate of copulation, The 
study described in this report (2) com- 
pares the effects of moderate doses of 
caffeine and chlorpromazine on_ the 
sexual performance of 17 150-day-old 
male hooded rats. The previous sexual 
behavior of the rats varied from com- 
plete impotence to extreme vigor. 
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Table 1. Average performance for various criteria of sexual behavior. (Not included are 
two subjects which did not perform at all on any of the trials. ) 











) Friedman 

Behavioral ‘ No. Caffeine Nodrug Chlor- analysis of 

measures promazine a! 
Latency to: 

(i) first mount 9 13.4 26.4 69.7 ¢°= 10.1" 
(ii) first copulation 9 13.4 28.3 YH ies’ x= 9.5* 
(iii) ejaculation 6 436.7 589.2 528.3 x= 7.0F 

Frequency of: 

(i) mounts 15 4.1 4.7 3.9 Not significant 

(ii) copulations 15 16.1 15.1 12.0 = 7.4F 
Percentage of group that: 
(i) copulated 15 80 87 87 Not significant 
(ii) ejaculated 15 47 50 47 Not significant 
Copulatory rate: 
(i) for subjects 
that copulated 9 2.41 1.87 1.45 x°= 8.7* 
(ii) for subjects ‘ 
that ejaculated 6 2.80 1.64 1.63 x = 9.2" 





* Significant beyond the 0.01 level of probability. 


Each male was given four 15-minute 
tests, spaced at least 2 days apart. Males 
were injected with 20 mg of caffeine 
(and sodium benzoate) per kilogram be- 
fore one test, with 1 mg of chlorproma- 
zine per kilogram before another test, 
and with isotonic saline (no drug) be- 
fore two tests (3). Drug tests were alter- 
nated with no-drug tests. All injections 
were given intraperitoneally, between 15 
and 60 minutes before the start of the 
test; this time-interval was within the 
effective range of the drugs. The drugs 
were dissolved in the same volume of 
isotonic saline (1 ml/kg) that comprised 
the no-drug injections. The rats were 
randomly assigned to one of four groups, 
which differed in the sequence of drug 
and no-drug tests. During each of the 
four test sessions one group was under 
caffeine, one group was under chlorpro- 
mazine, and two groups were under no 
drug. By these procedures, the order of 
drug conditions was counterbalanced, 
and each drug condition was tested in 
each session. 

The tests were conducted in a circu- 
lar observation cage 30 in, in diameter. 
Each male was given 2 minutes alone 
in the cage before the introduction into 
the cage of a female which was in full 
behavioral heat. The sexual behavior of 
male rats consists of mounting the fe- 
male and making a brief intromission 
(copulation), On some occasions the 
male may mount without accomplishing 
an intromission, After a number of in- 
tromissions, generally between 10 and 
20, ejaculation occurs. The male with- 
draws from the female and shows no 
sexual interest for at least 15 seconds 
after each intromission and for at least 
several minutes after ejaculation. 

Table 1 shows these measures of sex- 
ual activity, presented in terms of (i) 
latency in seconds of first occurrence 


+ Significant beyond the 0.05 level of probability. 


after introduction of the female; (ii) fre-’ 


quency of occurrence during the 15-min- 
ute test; (iii) percentage of group per- 
forming the response; and (iv) copula- 
tory rate. Copulatory rate is the average 
number of copulations per minute to 
ejaculation (or, if no ejaculation occurs, 
from the first copulation to the end of 
the test). These measures and the proce- 
dures are more fully described elsewhere 
(4). As is shown in Table 1, caffeine 
decreased the latencies to mount, copu- 
late, and ejaculate and increased the 
frequency and rate of copulation. Chlor- 
promazine had opposite effects on all 
these measures except latency to ejacu- 
lation. Of interest is the failure of both 
drugs to alter significantly the percentage 
of subjects which copulated or ejacu- 
lated. 

In order to test for the effects of the 
drugs on subsequent no-drug sessions, 
the tests following administration of caf- 
feine were compared with the tests fol- 
lowing administration of chlorproma- 
zine. An additional 15-minute no-drug 
test was given to animals whose last 
regular test was with one of the drugs, 
in order to complete this procedure. The 
animals made more than twice as many 
mounts and 24 percent more copulations 
during the no-drug session following ad- 
ministration of chlorpromazine than dur- 
ing the no-drug session following admin- 
istration of caffeine. The difference in 
number of mounts is statistically signifi- 
cant (p< 0.05 by Wilcoxon matched- 
pairs rank test). There were no reliable 
differences in the other measures of 
sexual behavior. Since the time interval 
between sessions was ample to allow the 
drug effects to dissipate, these results ap- 
parently point to. differences in behavior 
learned under the two drugs. A more 
strenuous sexual response may have been 
learned under chlorpromazine to over- 
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come the depressant effects of the drug. 

The wide range in sexual potency of 
our subjects was in part the result of 
antecedent conditions to which they 
were subjected in an experiment by one 
of us (P. G. Z.) (5). After weaning, 11 
of the rats had been reared under unfa- 
vorable conditions (that is, they had been 
given electric shock for approaching a 
receptive female and had been subse- 
quently reared in isolation, or they had 
been reared entirely in isolation). Six 
rats had been reared under more favor- 
able conditions (that is, they had been 
given no electric shock when they were 
with a receptive female and had been 
reared in cohabitation with other males 
or with females). In order to increase 
the number of subjects in testing the dif- 
ferential effects of previous sexual ex- 
perience, eight pretest rats were added 
to this comparative study. These animals 
had been reared under the same condi- 
tions as the others (five under favorable 
conditions, three under unfavorable 
ones) but were given four ten-minute 
tests and were not given a no-drug test 
between the two drug tests. 

In the various measures of sexual per- 
formance, the depressant effects of chlor- 
promazine were found to be approxi- 
mately equal among animals reared 
under these two sets of conditions. On 
the other hand, the stimulating effects 
of caffeine were evident only among ani- 
mals reared under the more favorable 
conditions. These animals copulated al- 
most twice as many times when they 
were under caffeine as when they were 
under no drug and showed an increment, 
under caffeine, in number of mounts, 
in copulatory rate, and in percentage 
that copulated and ejaculated. Among 
the animals reared under unfavorable 
conditions, caffeine produced only a 
slight increment in copulatory rate and 
a slight decrement in all of these other 
measures. The effect of rearing condi- 
tions on the caffeine-versus-no-drug dif- 
ference was statistically significant for 
number of copulations (p< 0.02) and 
almost significant for number of mounts 
(p< 0.10), according to the Mann- 
Whitney rank test. The different effects 
of caffeine might be explained by the 
hypothesis that the stimulating effects 
of caffeine enhance whatever behavior 
tendency is dominant in the situation. 
If the conditions of rearing have been 
favorable, positive sexual responses will 
generally be dominant; if the conditions 
of rearing have been unfavorable, in- 
hibitory or incompatible responses may 
be dominant. , 

The study described in the present re- 
port confirms and extends the finding by 
Soulairac and Coppin-Monthillaud of 
the stimulating effect of caffeine on sex- 
ual behavior—even of a smaller dose. A 
depressant effect of chlorpromazine was 
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also found. The use of non-drug tests 
and of animals with variation in pre- 
vious sexual experience permitted fur- 
ther observations on effects of the drugs. 
Pur G. ZimBarpo 
HeErBeErT Barry, III 
Department of Psychology, Yale 
University, New Haven, Connecticut 
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Electromigration on Filter Paper 
of Uric Acid from Serum 
and Synovial Fluid 


It has long been a matter of discus- 
sion whether uric acid is present in 
human serum as a free molecule or is 
bound to other components such as pro- 
teins. Ultrafiltration and dialysis have 
given controversial results in this connec- 
tion (1). Zone electrophoresis on filter 
paper offers a new approach to the study 
of the problem. 

Previous reports from our laboratory 
(2) have shown that several techniques 
can be followed for identification and 
evaluation of uric acid on the strip of 
filter paper. The most practical tech- 
nique proved to be direct treatment of 
the strip with silver nitrate and sodium 
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Fig. 1. Migration of serum uric acid and 
serum albumin as a function of duration 
of electrophoresis, in standard conditions 
of potential gradient (2.5 v/cm) and 
temperature (15°C), in Veronal at 
pH=8.6, ['/2=0.05. Each point repre- 
sents an average of four experiments. In 
calculating distance of migration, it has 
been assumed that the starting point cor- 
responds to the band of gamma globulin. 


lactate; uric acid appears, then, as a 
brown band on a white background. 
While this method is suitable for de- 
tecting the position of the spot of uric 
acid, quantitative data are more readily 
obtained by elution and chemical (3) or 
ultraviolet absorption analysis. 

Paper electrophoresis was performed 
in accordance with the method of Dur- 
rum, as modified by Flynn and De Maye 
(4). Different buffer solutions were 
tried: Veronal at pH = 8.6, '/2 =0.10, 
0.05, and 0.025, respectively; phosphate 
at pH = 7.2, I'/2 = 0.05; acetate at pH= 
5.4, ['/2 = 0.05; glycine-NaOH at pH= 
9.7, T'/2=0.05. The best results, as far 
as resolution of protein components and 
uric acid is concerned, were obtained 
with Veronal buffer at pH = 8.6, ['/2= 
0.05. Whatman No. 31 extra-thick filter 
paper was used. 

Forty-two sera from normal subjects 
and from hyperuricemic patients with 
gout, nephritis, and leukemia and ten 
samples of synovial fluid from gouty and 
rheumatic subjects were studied. Con- 
trol experiments were run with pure uric 
acid solutions of different concentration 
(from 3 to 20 mg percent). The results 
obtained can be summarized as follows: 

1) Uric acid present in serum and 
synovial fluid showed the same electro- 
phoretic behavior as uric acid in free 
solution, in all the conditions of pH, 
ionic strength, potential gradient, tem- 
perature, and duration of migration that 
were tried. A single band was always ob- 
tained for this substance. Though we 
cannot rule out entirely the possibility 
that there was a dissociation of labile 
bonds between uric acid and other 
serum components, it is not likely that 
such a dissociation would have occurred 
under the mild conditions of our experi- 
ments. 

2) The mobility of uric acid, as 
judged from the electrophoretic migra- 
tion on filter paper, proves to be slightly 
higher than that of serum albumin, being 
about 15 percent greater (Fig. 1). 

3) No change of the electrophoretic 
behavior of uric acid was observed after 
general or intra-articular administration 
of drugs that are active in modifying 
uricemia (prednisone, phenylbutazone, 
probenecid, pyrazinamide). 

Our results seem to indicate that uric 
acid is not bound to other serum com- 
ponents and is not present in a particu- 
lar chemical form; several drugs that 
act on uric acid metabolism and excre- 
tion fail to modify the physical or chem- 
ical properties of this substance in the 
blood. 

FRANCO SALTERI 
Euisa Cita 
ANGELO FAsout 
Institute of Clinical Medicine 
and Medical Therapy, University of 
Milan, Milan, Italy 
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Development of Phenylalanine 
Hydroxylase in Mammalian Liver 


Recent studies of the mechanism of 
conversion of phenylalanine to tyrosine 
in the soluble fraction of liver homoge- 
nates have established that the reaction 
requires the participation of two discrete 
enzymes in addition to reduced pyridine 
nucleotide (J, 2) and an as yet uniden- 
tified cofactor (3, 4). One of the en- 
zymes can be prepared from tissues that 
do not hydroxylate phenylalanine (for 
example, kidney, brain, spleen); this 
suggests that a reaction of more general 
nature is involved. The second enzyme, 
which is specific, has been found only in 
liver. Wallace et al. (5) and Mitoma 
et al. (6) have recently demonstrated 
that the livers of phenylketonuric indi- 
viduals lack this specific enzyme, thus 
strengthening the prevailing concept re- 
garding phenylketonuria—namely, that 
the syndrome is associated with a spe- 
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phenylalanine hydroxylation in the liver 
of the fetal pig. Beakers containing 1.0 ml 
of the soluble fraction of fetal pig liver 
(17.2 mg of protein), 150 pmole of po- 
tassium. phosphate buffer (pH 6.8), 
umole of DPNH, 2 umole of L-phenylala- 
nine, rat liver fractions as indicated, and 
0.15M KCl to make a total volume of 
3.0 ml were shaken for 60 minutes at 
35°C. Tyrosine formed was measured col- 
orimetrically. Rat fraction I, 3.3 mg of 
protein per milliliter; rat fraction II, 7.3 
mg of protein per milliliter; these frac- 
tions individually formed only traces (less 
than 0.01 umole) of tyrosine in 60 min- 
utes, 
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cific congenital inability to oxidize 
phenylalanine to tyrosine. 

Investigations on the development of 
this enzyme system in fetal, newborn, 
and adult rats have established the fact 
that the over-all reaction is virtually ab- 
sent in fetal liver and in the livers of 
rats less than 24 hours old. In these ex- 
periments, 1.0 ml soluble fractions of 
liver (prepared from 33 percent homog- 
enates in 0.15M KCl by centrifugation 
at 105,000g for 30 minutes) were shaken 
at 35°C for 60 minutes with 150 umole 
of potassium phosphate buffer (pH 6.8), 
2 umole of t-phenylalanine, 2 umole of 
reduced diphosphopyridine nucleotide 
(DPNH), and 5 umole of nicotinamide 
in a total volume of 1.75 ml; the tyrosine 
fozmed was measured colorimetrically 
(7) 

Under these conditions, preparations 
from adult animals and from animals 4 
to 12 days of age converted all or most 
of the added phenylalanine to tyrosine, 
while preparations from fetal or new- 
born animals were essentially inactive. 
These inactive preparations could not 
be activated by substitution of TPNH 
(reduced triphosphopyridine _ nucleo- 
tide) for DPNH, or by increasing the 
amount of reduced pyridine nucleotide 
either by direct addition or by sup- 
plementing the reaction mixture with 
appropriate reducing systems (glucose- 
6-phosphate and yeast glucose-6-phos- 
phate dehydrogenase with TPN; lactate 
and muscle lactic dehydrogenase with 
DPN). The ability to hydroxylate phen- 
ylalanine was also absent or negligible 
in livers of fetal pigs and fetal rabbits. 

Experiments were carried out in order 
to determine which of the components 
is absent or inactive in fetal liver. Frac- 
tions I and II were prepared from adult 
rat livers by the procedure of Mitoma 
(2); each of these preparations alone 
was essentially inactive, while the two 
combined, when fresh, gave high rates 
of phenylalanine hydroxylation. Addi- 
tion of rat fraction I, containing the spe- 
cific enzymic component, to the inactive 
soluble fraction of fetal pig liver yielded 
a highly active combination, the level of 
activity being directly related to the 
amount of fraction I added (Fig. 1). 
Addition of fraction II from rat liver 
had essentially no effect on the fetal 
liver system. Similarly, supplementing 
the soluble fractions from livers of. fetal 
rats or rabbits with fraction I resulted 
in high activity, while addition of frac- 
tion II was ineffective. 

The absence of phenylalanine hy- 
droxylation in fetal liver thus results 
from the same deficiency as that ob- 
served in the livers of patients with 
phenylpyruvic oligophrenia—that is, the 
specific enzymic component of the sys- 
tem, present in rat fraction I, is appar- 
ently not present in fetal liver. 





Further, ‘although fraction I has been 
described as being quite labile (2), it 
was found that aged or dialyzed prepara- 
tions of this fraction, which were in fact 
inactive when assayed with fraction II, 
were still active in supplementing the 
fetal liver system. However, if the fetal 
liver preparation was well dialyzed, ad- 
dition of aged or dialyzed fraction I was 
only slightly effective. These results in- 
dicate that fraction I contains two com- 
ponents, one of which is rapidly lost on 
aging or dialysis, and that this labile 
component is present in fetal liver. Loss 
of this component on dialysis, as well 
as on aging, suggests a factor of low 
molecular weight, which may be the 
auto-oxidizable cofactor described by 
Kaufman (4). 
These findings lend support to the con- 
clusion that the component missing in 
fetal liver, which is supplied by rat frac- 
tion I, is the specific hydroxylation en- 
zyme. It is of interest to note that some 
other enzymes whose deficiency in post- 
natal life is associated with disorders of 
incomplete metabolism are also not ac- 
tive in fetal tissues; those investigated 
include the enzymes of tyrosine oxidation 
(8) and glucose-6-phosphatase (9). This 
relationship is being studied further in 
this laboratory (10, 11). 
Francis T, KENNEY 
GasriELLE H. Reem 
NorMAN KRrETCHMER 

Department of Pediatrics, 

New York Hospital-Cornell 

Medical Center, New York 


References and Notes 


1. S. Udenfriend and C. Mitoma, in A Sym- 
posium on Amino Acid Metabolism, W. D. 
McElroy and B. Glass, Eds. (Johns Hopkins 
Press, Baltimore, Md., 1955). 

2. C. Mitoma, Arch. Biochem. Biophys. 60, 476 
(1956). 

. S. Kaufman, Biochim. et Biophys. Acta 23, 
655 (1957). 

, Federation Proc. 16, 203 (1957). 

H. W. Wallace, K. Moldave, A. Meister, 

Proc. Soc. Exptl. Biol. Med. 94, 632 (1957). 

C. Mitoma, R. M. Auld, S. Udenfriend, 

ibid. 94, 634 (1957). 

. S. Udenfriend and J..R. Cooper, J. Biol. 
Chem. 196, 227 (1952). 

8. N. Kretchmer et al., J. Clin. Invest, 35, 236 
(1956); N. Kretchmer. and. H. McNamara, 
oe: 35, 1089 (1956). 

9. T. Cori and J. L. Schulman, Pediatrics 
is 646 (1954); A. M. Nemeth, J. Biol. 
Chem, 208, 773 (1954). 

10. Experiments similar to those described above 
were carried out with the soluble fractions of 
livers from two premature infants (liver 
samples obtained at autopsy, 9 and.2 hours 
after death). As with the fetal tissue, these 
preparations were inactive alone, active when 
rat fraction I was added, and not affected 
by rat fraction II, Although these results 
suggest that the liver of the premature in- 
fant also lacks the specific hydroxylation en- 
zyme, the possibility exists that the time 
which elapsed between death and the en- 
zyme assays was sufficient for specific autoly- 
sis of this enzyme. 

11. These studies were supported in part by 
grants from the National Institute of Ar- 
thritis and Metabolic Diseases, National In- 
stitutes of Health (A-389 C3R); the Asso- 
ciation for the Aid of Crippled Children; 
and the Damon Runyon Memorial Fund. 


4 October 1957 


— 





o oe 


~! 


SCIENCE, VOL. 127 





The | 
Per 
Ge 
Ecc 


xix 


In 
thors 
to do 
maril 
one ¢ 
ply a 
Rath 
stract 
it mo 
unde: 
tion 
the I 
The 
five « 
Tech 
and 
“Fac 
Engi 
of E 
man¢ 
cists” 
impo 
ing ] 
Num 
1970 
Cour 

Af 
won 
cons 
met 
ment 

Fi 
limit 
stud: 
inpli 
valic 
does 
lem 
is te 
case 
pers 
fron 
fore 
the 
adr 
nel, 
mo\ 

A 
abo 
exa 
und 


10 J 





oe 


= oa pa oS 6s 


127 





Book Reviews 


The Demand and Supply of Scientific 
Personnel. David M. Blank and 
George J. Stigler. National Bureau of 
Economic Research, New York, 1957. 
xix + 200 pp. $4. 


In the preface of this book the au- 
thors explain what they have attempted 
to do: “The present monograph is pri- 
marily a study of the methods by which 
one can explain movements in the sup- 
ply and demand for scientific personnel. 
Rather than discuss the problem in ab- 
stract terms, however, we have deemed 
it more fruitful to apply the methods 
under examination to the recent situa- 
tion in the technological professions in 
the United States, that is, up to 1955.” 
The result of this effort is a book with 
five chapters—‘‘A General View of the 
Technological Professions,’ “Demand 
and Supply: Method of Analysis,” 
“Factors Influencing the Demand for 
Engineers and Chemists,” “The Supply 
of Engineers,’ and “Supply and De- 
mand for Mathematicians and Physi- 
cists’—and eight appendixes, the most 
important of them being “(A) Engineer- 
ing Earnings,” “(D) Projection of the 
Number of Engineering Degrees to 
1970,” and “(H) The Engineers Joint 
Council Surveys.” 

After finishing the book, one may 
wonder if scientific personnel has been 
considered in its entirety and if the 
methods used really can explain move- 
ment in its supply and demand. 

First, it seems that such a strict de- 
limitation of the scientific personnel 
studies as was in fact used raises some 
inplications having a direct effect on the 
validity of the study. For instance, it 
does not seem possible to study the prob- 
lem of scientific personnel in itself. That 
is to say, one cannot consider only the 
case of a particular category of scientific 
personnel (engineers, for example) apart 
from the other categories (technicians, 
foremen, and others) or consider solely 
the scientific personnel, apart from the 
administrative and commercial person- 
nel, since there exist possibilities of 
moving from one category to the other. 

Also, one would like to know more 
about “what is an engineer” and to know 
exactly what categories of people are 
under examination. The authors are talk- 
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ing about the census definition of an 
engineer (page 10 and pages 174-178), 
but one has to look at Appendix B 
(page 154) and Appendix E (page 174) 
in order to know what this definition is, 
and to page 11 for the standard require- 
ments for membership in the profes- 
sional engineering societies. These re- 
quirements are narrower than the census 
definition. With respect to the choice of 
the census definition, “less exacting than 
that of the professional engineering so- 
cieties” (page 10) and including both 
graduate and nongraduate engineers, one 
may ask (i) if all people examined and 
grouped under the heading of “engineer” 
are performing approximately the same 
functions; (ii) if this is not too broad a 
definition; and (iii) if it would not have 
been better to examine only the grad- 
uate engineers. Two facts bear on these 
doubts about the validity of the methods 
used in this study. First, it is not pos- 
sible to know the number of nongradu- 
ate engineers in each industry [the fig- 
ures. given for 1940 (page 11) and for 
1950 (Appendix F) are not by sectors 
of industry but by number of years of 
professional training]; on page 69 the 
authors assume “that new entrants con- 
sist solely of engineering graduates with 
bachelor’s degrees” and exclude in their 
forecast the losses of and the demand 
for nongraduate engineers. Moreover, 
the place of nongraduate engineers is 
studied in the “Supply of Engineers” 
(pages 86-92). It is evident that the 
authors saw all those difficulties, since 
they wrote, “it is surprising that so little 
is known about the ways in which they 
[the nongraduate engineers] enter the 
profession and the kinds of function 
they perform” (page 87), but in study- 
ing the nongraduate engineers they do 


_hot give us any supplementary informa- 


tion about them, and one is therefore 
forced to conclude that this study of the 
supply of and demand for engineers is 
only a partial one, not representing the 
entire situation. 

Second, the method used does not ap- 
pear to give a complete explanation of 
the phenomenon and raises the question 
of its suitability. For example, although 
the authors are “deeply interested in the 
economic questions implicit in an allega- 
tion of shortage” (page 23), they re- 


ject two meanings of the word shortage 
as it is applied to members of a par- 
ticular profession—situations in which 
the actual number of available workers 
is less than the number dictated by some 
social criterion or goal or those in which 
the quantity of the labor services in 
question that is demanded is greater 
than the quantity supplied at the pre- 
vailing wage—and they adopt a third 
one: a shortage exists when the number 
of workers available (the supply) in- 
creases less rapidly than the number 
demanded at the salaries paid in the 
recent past (pages 23-24). And they 
add: “In any event, this is a well de- 
fined and significant meaning of the 
word ‘shortage’ and we propose to in- 
vestigate now whether such a shortage 
has existed for engineers in recent 
decades” (page 24). 

It seems clear that, in the minds of 
the authors, money was, is, and will be 
the only explanation for the demand 
and supply of engineers—and, therefore, 
for their shortage or surplus. And all 
engineers were, are, and will be pure 
calculating “homines economici” since 
“the differentials of engineers’ earnings 
above those of the academically un- 
trained labor force are still in excess of 
the costs of obtaining an engineering 
degree . . .” (page 31) and, “in prin- 
ciple, one would expect occupational 
choice to be largely determined by the 
discounted values of expected life earn- 
ings in alternative occupations, compared 
with the discounted costs of entering 
these occupations” (page 79). This psy- 
chology of the “homo economicus” has 
been attacked by economists for a long 
time—Veblen played an important part 
in this attack at the turn of the cen- 
tury—and cannot pretend to explain the 
behavior of a human being. It is more 
than doubtful that wages can explain 
the movements of supply and demand 
for the past eighty years. What is rather 
surprising is that the authors seem not 
to be completely persuaded of the valid- 
ity of their only means of explanation, 
since they write: “For lack of data, we 
cannot discuss in detail the degree of 
future attractiveness (financial or other- 
wise) [italics supplied] of engineering as 
compared with other occupations that 
college graduates engage in” (page 75), 
and, “it would be desirable, we repeat, 
to examine the determinants of occupa- 
tional choice among college students, 
but we shall not enter upon this large 
subject here. But it should be empha- 
sized that the roles of income, stability 
of employment, subsequent breadth of 
choice of industry or type of work, 
and similar factors have not yet been 
examined quantitatively” (page 77). 
Therefore, earnings are not the only ex- 
planation of movements of supply and 
demand, and the conclusion about the 
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shortage of engineers has to be revised. 

Again, even if this study is concerned 
with the situation and forecast of the 
number of engineers in the United 
States, the methods of predicting de- 
mand used by the U.S. Bureau of Labor 
Statistics and the Engineers Joint Coun- 
cil are not the only ones in use, and it 
seems unfortunate that no mention is 
made of the English and German meth- 
ods of forecasting. Sometimes, some help 
can come from the other side of the 
Atlantic. 

The explanation of the movements of 
the supply of, and demand for, scientific 
personnel in the past and forecast of 
these movements for the future remain 
to be made. 

J. Wo.rr 
Commissariat Général a la Productivité, 
Paris, France 


A Treatise on Limnology. vol. I. Geog- 
raphy, Physics and Chemistry. George 
Evelyn Hutchinson. Wiley, New York; 
Chapman & Hall, London, 1957. xiv 
+1015 pp. Illus. $19.50. 


Sixteen years ago teachers of hydro- 
biology refreshed their dog-eared lim- 
nology lecture notes when Hutchinson’s 
mimeographed “Lecture Notes on Lim- 
nology” were made available in limited 
supply. Hopefully we have awaited the 
completion of the then envisioned Trea- 
tise. We were unanimously confident of 
the excellence and scholarly depth it 
would represent, and, now that the first 
of the two volumes is published, we are 
not disillusioned. Moreover, the biolo- 
gists among us await eagerly the appear- 
ance of volume II on biology. Volume 
I is a masterly presentation and truly 
unique; a “monumental work,” as it was 
sO appropriately designated by a pre- 
publication critic. 

One might expect a Handbuch of these 
dimensions to be padded. This is not 
the case; it is packed with important 
and thoughtfully selected data. It is re- 
plete with examples drawn from all cor- 
ners of the earth and with data assem- 
bled from some obscure “Berichte,” 
“Undersokningar,” “Trudy (URSS),” or 
“T 6hoku.” 

In this book scientists of many disci- 
plines should find much that is required 
reading. I find a great deal of evidence 
to support the author’s statement in the 
preface: “The book is addressed to all 
who are professionally concerned with 
limnology, but also to biologists who may 
wish to know something of the physio- 
chemical environment, mode of life, and 
evolutionary significance of such fresh- 
water organisms as they may study from 
quite different points of view; to geolo- 
gists who are desirous of learning some- 
thing of modern lakes in order that they 
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may better interpret the record of inland 
waters in past times; and to oceanogra- 
phers who wish to compare the results 
of their own science with what has been 
learned of the small but very individual 
bodies of water which make up the non- 
marine part of the hydrosphere.” To the 
latter clause I might add that the ocean- 
ographer, after reading this book, most 
certainly will be convinced of the use- 
fulness of lakes as possible sites for ex- 
perimental, small-scale oceanographic re- 
search. This is an opportunity they have 
not exploited. 

As a thoughtful synthesizer of knowl- 
edge, Hutchinson is unsurpassed. Numer- 
ous instances bear this out, in which pub- 
lished and even unpublished data, from 
widely different sources, have been re- 
worked to describe a new principle or 
to make an old one more clear. Readers 
of “Marginalia” in the Sigma Xi Quar- 
terly must certainly have admired the 
great breadth of Hutchinson’s reading 
and his literary skill. Occasionally one 
was “snowed under” by complex con- 
cepts expressed in elliptical style. In 
volume I of A Treatise in Limnology 
he has made every effort to explain 
clearly. In his “Lecture Notes on Lim- 
nology,” the term thermocline was de- 
fined as “the horizontal plane defined by 
the inflection point of a temperature 
curve.” In the Treatise, the definition 
now reads simply “the plane in which 
the temperature falls most rapidly.” 
This should not be construed to mean 
that volume I is free from complex con- 
cepts, for to include such concepts is in- 
escapable and to omit them would be 
undesirable. Many principles of physical 
limnology are involved and will be un- 
derstood principally by those oceanogra- 
phers and hydrobiologists whose training 
in mathematics, physics, and chemistry is 
adequate. One marvels at Hutchinson’s 
versatility and at his ability to grapple 
competently with so many phases of 
science, 

The following are some helpful fea- 
tures of the Treatise: (i) In the section 
on geological origin of lakes there is a 
concise summary of 76 lake types. (ii) 
A list of mathematical symbols is given, 
and an effort has been made to avoid 
duplications. (iii) An index of the lakes 
mentioned in the text gives the precise 
longitude and latitude of the location of 
each lake. (iv) A list of the genera and 
species that are discussed is given, to- 
gether with a helpful listing of the taxo- 
nomic position of individuals in the plant 
and animal kingdoms. (v) There are 
1489 references. Asterisks identify the 
titles of works of unusual limnological 
interest and those with extensive lists 
of references. (vi) Tables on the inor- 
ganic ions in rain, lakes, and rivers pre- 
sent data nowhere else available in one 
place. (vii) A concise summary con- 
cludes each chapter. 





For publisher should be praised for 
his interest in publishing a professional 
volume of this kind. There is justifica- 
tion here for some type of subsidy, be- 
cause the many students and field-sta- 
tion staff-members who could best profit 
from this book will be unable to afford it. 

The book is embellished here and 
there by a witty comment, a fitting quo- 
tation from the classics, or even by a 
light verse. For example: 

“Big swirls have little swirls 

That prey on their velocity, 

And little swirls have lesser swirls 

And so on . . . to viscosity.” 


ArtHuR D, Haser 
University of Wisconsin 


Géologie Sédimentaire. Les séries ma- 
rines. Augustin Lombard. Masson, 
Paris; Vaillant-Carmanne, Liége, 1956. 
722 pp. Illus. F. 11,000. 


The field of sedimentary geology can, 
if the definition is broad enough, include 
almost all facets of geology except petrol- 
ogy of the igneous rocks. To include all 
aspects of this generalized subject in one 
volume is an almost impossible task. 
Lombard has amassed an amazing 
amount of information in a well-organ- 
ized volume which includes 13 plates, 180 
illustrations, and 34 pages of bibliogra- 
phy. Inevitably in such a broad subject 
some of the sections are little more than 
brief outlines, and in some cases these 
brief outlines are not as comprehensive 
as they should be. In part I the general 
subject of recent marine sediments, to- 
pography, and structure of the ocean 
basins is treated in too brief a manner, 
and several important references are 
omitted; for example, Emery, Tracey and 
Ladd on coral reefs and flat-topped sea- 
mounts [U.S. Geol. Survey Profess. Paper 
No. 260-A (1954)]; Phleger, Parker, and 
Peirson on present-day planktonic Fo- 
raminifera [Reports of the Swedish 
Deep-Sea Expedition No. 7 (1953)); 
Revelle on pelagic sediments [Carnegie 
Inst. Wash. Publ. No. 556 (1944), pt. 1]. 
In part II the analysis of sediments does 
not include the Wentworth reference so 
commonly used for clastic size classifi- 
cation in the United States [J. Geol. 30, 
382 (1922)]. In part 3 the writer gets 
into his special field of stratigraphy and 
produces an excellent and well-docu- 
mented discussion of such difficult sub- 
jects as facies and rhythmic deposits. 

All in all, Lombard has produced a 
valuable addition to the knowledge of 
sedimentation and _ stratigraphy, espe- 
cially of the European section. American 
geologists will find the bibliography es- 
pecially helpful because of the numerous 
references to European journals. 

E, L, Hamitton 
San Diego, California 
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Colorimetric Analysis. vol. I, Determina- 
tions of Clinical and Biochemical Sig- 
nificance. Noel L. Allport and J. W. 
Keyser. Chapman & Hall, London, 
ed. 2, 1957 (order from Macmillan, 
New York). 424 pp. Illus. $9. 


Two changes may be immediately 
noted in this new edition: a junior au- 
thor (Keyser) has been added, and there 
are to be two volumes. This volume has 
been limited to methods used in clinical 
and biochemical analysis for substances 
occurring in body fluids and tissues. 

The substances selected total 98, of 
which 82 are organic. The inorganic 
substances include the cations Ca++, Cut, 
Fe*8, H+, Hgt*, Kt, Mgt+, Nat, Pb*, 
and Zn*+ and the anions Br-, I-, PO,°, 
S$O,~, SiO,--, and SCN-, In a number 
of cases, such as that of hemoglobin, 
there are several procedures. All of them 
seem to have been selected on the basis 
of ease of manipulation and reasonable 
reliability. Whether the selection is the 
best possible could be answered only by 
one familiar with all such methods. Many 
other methods are cited in references, 
mostly to biochemical sources, at the 
end of each section. Also, an appendix 
lists references, and principles of the 
methods, for 32 organic substances of 
biochemical interest which are not de- 
scribed in the text. 

For each constituent there is usually 
a very brief statement of the principle 
involved in the production of the colored 
system to be measured. These sections 
might well be expanded. Next comes a 
concise, “cook-book” type of statement 
of the operating technique, including 
preparation of necessary reagents. The 
discussion that follows deals with the 
possibilities and limitations of the 
method. 

There is some divergence in nomen- 
clature from the preferred usage of 
Chemical Abstracts. Examples are silico- 
fluoride (fluosilicate), arsenomolybdic 
(molybdoarsenic), and 4-a’-dipyridyl 
(2,2’-bipyridine). In general, the book 
seems to have been carefully done. 

M. G. MELLON 


Purdue University 


Microwave Measurements. Edward L. 
Ginzton. McGraw-Hill, New York, 
1957, xvii+515 pp. Illus, $12. 


This is an excellent reference book, 
of professional quality, devoted to micro- 
wave measurements. The author was a 
colleague of the late “NV. W. Hansen, 
with whom initial plans for the book 
were made. Ginzton can claim technical 
proficiency in this field in his own right, 
and I mention this fact merely to point 
out that I feel that there is no less need 
for such a book now than there was when 
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this one was originally planned, prob- 
ably soon after World War II. 

The author intended this book to be 
a useful reference volume for those who 
have more than a routine interest in 
microwave measurement problems. He 
has succeeded in this aim, and it is for 
this reason that I would classify this as 
a professional reference book. There is 
general continuity in treatment of the 
material, so that, unlike a handbook, this 
book can be used for graduate courses 
in microwave measurements. 

The author assumes that the reader 
has competence in electromagnetic the- 
ory, and he uses what theory he gives 
in the text itself merely for the justifi- 
cation of certain concepts—for example, 
the impedance concept. By assuming this 
initial familiarity with the field, the au- 
thor is able to delve quite deeply and 
rapidly into the topics he has decided to 
cover. Being thus able to deal immedi- 
ately with the details of the apparatus 
and the methods used in microwave 
measurements, Ginzton is able to con- 
sider in most cases the quantitative de- 
scription of the devices and methods 
used. In other instances he at least dis- 
cusses qualitatively the operation of the 
devices. 

As can be inferred from the above re- 
marks, this book is not a “cookbook” of 
recipes for making microwave measure- 
ments. Proper attention is given to the 
basic theory as well as to the apparatus 
or method being employed. There are, 
however, in the book explicit and de- 
tailed instructions for carrying out the 
actual measurement operation. For ex- 
ample, in the section referring to the 
making of standing-wave-ratio measure- 
ments with slotted lines, Ginzton dis- 
cusses the many pitfalls of the method 
with the tender and loving care of a 
man who has made measurements him- 
self and who has possibly, at some time 
in the dim distant past, encountered the 
very pitfalls he is warning about now. A 
feature of format which warrants favor- 
able mention is the use of footnotes to 
develop simple algebraic relationships 
or proofs referred to in the text. To de- 
velop these proofs for himself would fre- 
quently demand considerable ingenuity 
on the part of the reader, and the neces- 
sity for doing so would often be annoy- 
ing. Having them available along with 
the text is of definite advantage. The 
topics covered in the book are of broad 
general interest. The absence of some 
specialized topics in microwave meas- 
urements—for example, measurements 
in microwave spectroscopy—is no great 
loss. The topics discussed are genera- 
tion, detection, and measurement of 
microwave power; the concept of, and 
the measurement of, microwave imped- 
ances; and the representation of micro- 
wave radiation. The book ends with a 
discussion of the measurement of cavi- 


ties and of their Q, and their R,/Q,, 
or electric field distribution and, finally, 
of the measurement of attenuation. 

The book is well illustrated with line 
drawings, photographs, and graphs, and 
the material is documented with an ex- 
tensive and very useful bibliography. 

An obvious attempt has been made to 
make the material as up-to-date as pos- 
sible. However, material of transient or 
specialized interest has not been consid- 
ered; hence, the material in the book 
will probably become obsolete very 
slowly. In a book such as this, where a 
large number of techniques are covered, 
there is bound to be a variation in the 
excellence with which the material is 
presented. Although all sections of the 
book demonstrate professional compe- 
tence, only certain sections are truly au- 
thoritative. For example, the chapter on 
the measurement of wavelength is very 
well done, while the chapter on the 
measurement of frequency is adequate 
but uninspired. I would even quibble 
about the selection of some of the ma- 
terial—for example, the ammonia maser 
is discussed from the point of view of a 
frequency standard, and the cesium 
beam is not even mentioned. 

These are trivial complaints on the 
whole, and, in summary, the book must 
be considered as a worth-while contri- 
bution to the literature on the microwave 
field and, especially, as an excellent ref- 
erence book on microwave measure- 
ments. 

M. W. P. StRANDBERG 
Research Laboratory of Electronics, 
Massachusetts Institute of Technology 


Gas Dynamics. Klaus Oswatitsch. Eng- 
lish version by Gustav Kuerti. Aca- 
demic Press, New York, 1956. 610 pp. 
Illus. + charts. $12. 


This volume is an excellent treatment 
of modern gas dynamics, covering the 
material usually presented in a first-year 
graduate course in compressible flow the- 
ory. It begins with an introduction to 
the basic thermodynamic relations and 
quantities, following which the steady 
one-dimensional flow of a gas in a duct 
of varying cross section is considered. 
Brief introductions to normal shock 
waves and to the effects of energy addi- 
tion and friction are included. Next fol- 
lows a chapter on unsteady one-dimen- 
sional flow in ducts of constant cross sec- 
tion and with no friction or energy 
release. The theory of characteristics is 
introduced and applied to various spe- 
cial solutions. The interaction of shocks 
and shock waves in cylindrical and spher- 
ical coordinates is also considered. 

The next three chapters deal with the 
fundamental relations for two- and three- 
dimensional steady flow. Integral theo- 








rems are established, Prandtl-Meyer flow 
is presented, and the hodograph and 
other transformations are introduced. 
There follows a chapter on steady, ideal, 
plane, and axisymmetric subsonic flow. 
This chapter contains a detailed treat- 
ment of linearized theory, the Prandtl- 
Glauert rule, and the methods of 
Rayleigh-Janzen and Karman-Tsien. Nu- 
merical relaxation methods are treated 
briefly. 

The next chapter deals with steady, 
ideal, plane, and axisymmetric super- 
sonic flow. Linearized theory is pre- 
sented, followed by consideration of the 
oblique shock and applications of the 
method of characteristics to nonlinear 
isentropic flow. Specific applications are 
given to airfoils, nozzles, jets, cascades, 
and bodies of revolution at incidence. 
There is a brief discussion of hypersonic 
flow. The next chapters deal with tran- 
sonic flow and with miscellaneous un- 
steady multidimensional flow situations. 
There is a brief chapter summarizing 
some of the more important results for 
compressible boundary layers, laminar 
and turbulent jets, separation, stability, 
and shock-wave thickness. 

The volume closes with a survey of 
some of the more standard experimental 
techniques. There are no exercises. The 
bibliography is somewhat brief. There 
are brief tables and charts for the dy- 
namic relations of various gases. 

SAMUEL A, ScHAAF 
University of California, Berkeley 


The North American Deserts. Edmund 
C. Jaeger. Stanford University Press, 
Stanford, 1957. x+308 pp. Illus. 
$5.95. 


Edmund C, Jaeger, curator of plants 
at the Riverside Municipal Museum, is 
a student of desert ecology, acquainted 
with animals as well as plants. He is 
also a competent expositor and illustra- 
tor, whose knowledge and talents have 
been put to effective use in what adds 
up to a very convenient guidebook to the 
deserts of North America. Peveril Meigs 
has provided a good chapter on desert 
weather and climate, and the author 
acknowledges generous assistance from 
numerous other collaborators. 

After a general discussion on deserts 
and the chapter by Meigs, five great 
desert areas—the Chihuahuan, Sonoran, 
and Mohave deserts, the Great Basin, and 
the Painted Desert—are described. The 
account of one of them, the Sonoran, is 
broken up into six subdivisions. Physical 
conditions, flora, fauna, and human cul- 
tures are dealt with in a manner that 
should be appreciated by professional 
worker and layman alike; both popular 
and scientific names are given for all 
organisms. Helpful travel hints are also 
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included. This portion of the book is 
well illustrated with maps and photo- 
graphs. 

It is followed by some 130 pages of 
plates and brief descriptions of desert 
insects, reptiles, birds, mammals, and 
plants, by a page on the euphonious 
Spanish names, so indispensable in the 
Southwest, and by a good index. 

Apart from their intrinsic interest and 
beauty and the growing pressure to con- 
vert them into something “useful,” des- 
erts are becoming of increasing interest 
from a scientific standpoint. In Inner 
Mongolia, Spain, and our own South- 
west, the sediments of former lakes are 
revealing records of climatic change ex- 
tending back through the Pleistocene 
and beyond, giving a continuity not pos- 
sible within the glaciated region itself. 
Scientists who will, in increasing num- 
bers, be engaged in such studies owe a 
debt of gratitude to Jaeger and his col- 
laborators, since the desert is not likely 
to be a familiar environment to many 
of them. 

Paut B. Sears 
Conservation Program, 
Yale University 


New Books 


Artificial Stimulation of Rain. Proceed- 
ings of the first Conference on the Physics 
of Cloud and Precipitation Particles. Held 
at Woods Hole Oceanographic Institution, 
Woods Hole, Mass., 7-10 Sept. 1955. 
Pergamon Press, New York and London, 
1957. 443 pp. $15. 

Forest Fertilization. A_ bibliography, 
with abstracts, on the use of fertilizers and 
soil amendments in forestry. Compiled by 
Donald P. White and Albert L. Leaf. State 
University College of Forestry, Syracuse 
University, Syracuse, N.Y., 1957. 303 pp. 
$3. 

Instinctive Behavior. The development 
of a modern concept. Translated and 
edited by Claire H. Schiller. International 
Universities Press, New York, 1957. 347 
pp. $7.50. 

No and Yes. On the genesis of human 
communication. Rene A. Spitz. Interna- 
tional Universities Press, New York, 1957. 
182 pp. $4. 

Surgery in World War II. Ophthal- 
mology and Otolaryngology. John Boyd 
Coates, Jr., Ed. Medical Department, U.S, 
Army, Washington, 1957 (order from 
Supt. of Documents, GPO, Washington 
25). 628 pp. $5. 

Manual of Microbiological Methods. 
Society of American Bacteriologists, Com- 
mittee on Bacteriological Technic. Mc- 
Graw-Hill, New York, 1957. 325 pp. 
$5.50. 

Deafness, Mutism and Mental Defi- 
ciency in Children. Louis Minski. Philo- 
sophical Library, New York, 1957. 90 pp. 

The Volunteers. Means and ends in a 
national organization. David L. Sills. Free 
Press, Glencoe, Ill., 1957. 340 pp. $6. 

Human Histology. A textbook in out- 
line form. Leslie Brainerd Arey. Saunders, 
Philadelphia, 1957. 346 pp. 





Atomic Power, an Appraisal. Including 
atomic energy in economic development. 
Corbin Allardice, Ed. Pergamon Press, 
New York and London, i957. 151 pp. 
$3.50. 

Cytochemical Methods with Quantita- 
tive Aims. Biophysical and biochemical 
approaches. Experimental Cell Research, 
Supplement 4, 1957. Proceedings of the 
symposium, 27-29 Sept. 1956, Institute 
for Medical Cell Research and Genetics, 
Karolinska Institutet, Stockholm, Sweden. 
Academic Press, New York, 1957. 296 pp. 
$9.50. 


Miscellaneous Publications 


(Inquiries concerning these publications should be 
addressed, not to Science, but to the publisher or 
agency sponsoring the publication.) 


Federal Funds for Science. VI. The 
Federal Research and Development Bud- 
get, Fiscal Years 1956, 1957, and 1958. 
National Science Foundation, Washing- 
ton, 1957 (order from Supt. of Docu- 
ments, GPO, Washington 25). 60 pp. 
$0.40. 

Education Associations. Part 4 of Edu- 
cation Directory 1956-57. Office of Edu- 
cation, U.S. Department of Health, Edu- 
cation, and Welfare, Washington 1957 
(order from Supt. of Documents, GPO, 
Washington 25). 79 pp. $0.30. 

American Museum of Natural History, 
Eighty-Eighth Annual Report, July 1956- 
June 1957. The Museum, New York, 1957. 
77 pp. 

The Age of Space. Proceedings of a 
nontechnical conference on missiles, rock- 
ets, and space travel—and their impact 
on our times. 16 May 1957. Southern Re- 
search Institute, Birmingham, Ala., 1957. 
43 pp. 

Scientific Resources of the San Fran- 
cisco Bay Area. International Science 
Foundation, Golden Gate Park, San Fran- 
cisco, 1957. 96 pp. $5. 

Hydrography of the Faroe-Shetland 
Channel, 1927-1952. Scottish Home De- 
partment, Marien Research, 1957, No. 2. 
John B. Tait. Her Majesty’s Stationery 
Office, Edinburgh, 1957. 309 pp. £5 5s. 

Enuresis. A clinical and genetic study 
(Acta Psychiat. et Neurol. Scand., vol. 32, 
Suppl. No. 114). Bertil Haligren. Munks- 
gaard, Copenhagen, Denmark, 1957. 159 


pp. 

Etude Théorique des Oscillations Libres 
(Seiches) du Lac Tanganika. Exploration 
hydrobiologique du Lac Tanganika, 1946- 
1947. vol. II, fasc. 3, Resultats Scienti- 
fiques. F. Servais. Institut Royal des Sci- 
ences Naturelles de Belgique, Bruxelles, 
1957. 311 pp. 

Inventions Wanted by the Armed 
Forces. U.S. Department of Commerce. 
National Inventors. Council, Washington 
25, 1957. 34 pp. 

Polemoniacae of Nevada. Edgar T. 
Wherry. Ipomopsis and Gilia Sect. Arach- 
ninon contributed by Verne Grant and 
Alva Grant. Contributions toward a Flora 
of Nevada, No. 43. Plant Industry Sta- 
tion, Beltsville, Md., 1957. 103 pp. 

Ecological Life History of the War- 
mouth (Centrarchidae). Survey Bulletin, 
vol. 27, art. 1. R. Weldon Larimore. Illi- 
nois, Natural History Division, Urbana, 
1957. 84 pp. 
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Meetings and Societies 


Tektites 


The growing scientific interest in cos- 
mology and the relation of cosmic mat- 
ter to the genesis of the elements has 
focused attention on all available sam- 
ples of extraterrestrial matter. Inasmuch 
as meteorites are frequently seen to fall, 
their extraterrestrial origin is certain. 
Another class of objects, the tektites, may 
also be extraterrestrial, even though none 
has ever been observed to fall. 

The tektites are glass objects that are 
found in several widely separated places 
on the earth (southern Australia, Texas, 
Czechoslovakia, the Philippine Islands, 
Java, the Ivory Coast, and the Libyan 
Desert). In each area many individual 
specimens, which weigh from 0.1 to 1000 
grams each, have been found. They are 
often symmetrical in shape, and, in the 
case of the australites, their shapes are 
distinctly suggestive of “flow patterns.” 
In bulk chemical composition they dif- 
fer from obsidian and other volcanic ex- 
trusive rocks but resemble certain sedi- 
mentary rocks. That they cannot be of 
volcanic origin is shown by their distri- 
bution in areas where there is no associ- 
ated volcanism. They are not associated 
with known meteorite craters, and they 
differ from the glassy “impactite” from 
such craters in their homogeneity and in 
the fact that they do not include non- 
fused local rocks. They all seem to be 
associated with sedimentary formations 
of Eocene to Pleistocene age. 

Workers in the late 1890’s proposed 
that these objects are of extraterrestrial 
origin. If this is so, tektites represent 
samples of cosmic matter different from 
that of the stony and iron meteorites. 
Even if they should be strictly terrestrial, 
their shapes, distribution, and occurrence 
pose problems of considerable interest. 

The possibility of learning something 
more about the nature and origin of 
tektites by application of modern tech- 
niques has resulted in research on tektites 
by people in widely separated disciplines, 
including astrophysics, geology, geo- 
chemistry, and nuclear science. It was 
felt by some of these workers that a con- 
ference that would bring together a large 
group of persons actually engaged in tek- 
tite research, as well as other scientists 
who might be able to contribute to the 
various problems they pose, would be 
very useful. Accordingly, the Earth Sci- 
ences Division of the National Academy 
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of Sciences—National Research Council 
requested and obtained support from the 
National Science Foundation for this 
purpose. 

The Conference on Problems of Tek- 
tites was held at the National Academy 
of Sciences—National Research Council 
building in Washington, D.C., 17-18 
June. Twenty scientists participated, and 
Irving Friedman served as chairman. 
Although several foreign scientists were 
invited, F. G. Houtermans, of Berne, 
Switzerland, was the only one able to be 
present. E. L. Krinov, of Moscow, sent 
a paper which was:read at the confer- 
ence, as were two lengthy letters from 
H. Otley Beyer, of Manila. 

Technical discussion. The sessions 
started with the presentation of a paper, 
“Tektite localities in the United States,” 
by Virgil E. Barnes (University of 
Texas), who summarized much of the 
present knowledge of tektites and their 
distribution. The only well-established 
occurrence in the United States is near 
a 120-mile length of the tilted sedimen- 
tary rocks of the Jackson formation, of 
late Eocene age, which crops out along a 
northeast-southwest line through Texas. 
Here the tektites seem to be eroding out 
of the Jackson formation, whose strati- 
graphic age is about 35 million years. A 
few specimens from Georgia suggest, 
but are insufficient to establish, an occur- 
rence there. All other reported occur- 
rences in the United States are now at- 
tributed to obsidian. The “americanites” 
of Colombia and Peru are also believed 
to be obsidian. Barnes favors a meteoritic 
origin for tektites; because of the close 
similarity of their chemical composition 
to that of terrestrial sedimentary rocks, 
he feels that similar rocks on another 
planet, later disrupted, might be the 
source of the material. 

The hypothesis of a disrupted planet 
is also favored by William A. Cassidy 
(Pennsylvania State University), who 
reported on phase equilibrium investiga- 
tions on tektites. He emphasized the 
double analogy between granites and 
tektites on the one hand and between 
mafic terrestrial rocks and stony meteor- 
ites on the other. He also noted that a 
recently discovered region of two-liquid 
immiscibility in molten mixtures of 
SiO,, Al,O,, KO, and FeO corresponds 
to the gap in silicon content separating 
the tektites (more than 70 percent SiO,) 
from the stony meteorites (less than 60 


percent SiO,). This suggests a differen- 
tiation between silicate groups with 
gravitational stratification in the parent 
planet, which would then have con- 
sisted of a metallic core, a crystalline 
mantle of mafic silicates, and an outer 
layer of sialic character. The latter may 
have been kept molten by its high con- 
centration of radioactive elements up to 
the time of disruption, at which time the 
liquid presumably solidified into par- 
ticles and the various sizes and shapes 
were caused by rotation. The surface 
features of those particles found on earth 
were caused by superficial heating dur- 
ing entry into the atmosphere. 

Support for the meteoritic nature of 
tektites was given by studies of cosmic- 
ray-induced radioactivities in meteorites 
and tektites, reported by William D. 
Ehmann and Truman P. Kohman (Car- 
negie Institute of Technology). They 
found Al?® (half-life about o::2 million 
years) in australites at about the same 
level as in chondritic meteorites, whereas 
this nuclide was absent in moldavites 
(Czechoslovakian tektites), in bediasites 
(Texas tektites), and in the terrestrial 
materials examined. This checks with the 
very fresh appearance of australites and 
indicates intervals, since fall, of at least 
several million years for moldavites and 
bediasites, which are highly weathered. 
A lower but definite level of Al?* in 
Libyan Desert silica-glass indicates that 
this material is to be classified as tektitic 
and meteoritic and that it fell about four 
million years ago. The occurrence of Be?® 
(half-life 2.7 million years) in some 
meteorites and tektites was indicated, but 
the levels of occurrence and the absence 
of Be!° in terrestrial materials were less 
well established. 

The extreme unlikelihood that a 
swarm of particles could keep together 
in interplanetary space in such a way as 
to strike the earth in areas as small 
as the observed tektite-strewn fields 
was emphasized by Fred L. Whipple 
(Smithsonian Astrophysical Observa- 
tory). Whipple presented a paper, with 
Carlos Varsovsky, titled “Dynamical 
limits on a lunar origin for tektites.” Cer- 
tain considerations suggest that the colli- 
sion of a large meteorite with the moon 
might eject molten matter in a right- 
circular hollow cone of rather narrow 
wall thickness, and that if this cone 
strikes the earth, its thickness might be 
reduced by a focusing effect of - the 
earth’s gravitational field. Calculations, 
now being programmed for the M.L.T.- 
I.B.M. computer, of orbits of particles 
leaving the moon from various points 
with various initial directions and veloci- 
ties, may establish the validity or lack of 
validity of the “lunar impactite” hy- 
pothesis. Whipple also presented valu- 
able summaries of present knowledge 
and theories concerning comets and me- 
teors. Any connection between tektites 
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and either of these classes of objects 
seems quite unlikely to him. 

The assumption that’ tektites are 
formed from terrestrial materials was 
supported by several of the participants. 
A paper submitted by Krinov (scientific 
secretary of the Committee on Meteor- 
ites of the Academy of Sciences of the 
U.S.S.R.), entitled “Some considerations 
on tektites,’ was read. The findings of 
Soviet and other investigators seem to 
Krinov to support Spencer’s theory that 
tektites are high-velocity impactites that 
were formed as a result of collisions of 
large meteorites with the earth. A paper, 
“Origin of Tektites” [Nature 179, 556 
(1957)], was submitted by H. C, Urey 
(University of Chicago) and read by the 
chairman. This paper described possible 
effects of collision of the head of a comet 
with the earth, which might include the 
fusing and scattering of terrestrial rock 
as tektites. Dynamics of collisions of 
large meteorites with the earth’s surface 
were considered in detail by John S. 
Rinehart (Smithsonian Astrophysical 
Observatory) on the basis of controlled 
impact experiments and theory. His 
paper, “Impact effects and tektites,” de- 
veloped a mechanism by which the forms 
of tektites could result from the impact 
of a large crater-forming meteorite. 

Several speakers presented informa- 
tion on various aspects of the physical 
and chemical composition of tektites. 
Alvin J. Cohen (Mellon Institute) de- 
scribed absorption spectra of tektites and 
showed that the principal light absorp- 
tion feature is due to ferrous iron. No 
radiation effects were observed, evi- 
dently because of a built-in “radiation 
protection” mechanism. In contrast to 
tektites, most obsidians show water ab- 
sorption bands and radiation-induced ab- 
sorption. F, G, Houtermans (Physikal- 
isches Institut, Berne, Switzerland) re- 
ported on studies of thermoluminescence 
of meteorites. Both chondrites and tek- 
tites show stored radiation-induced ther- 
moluminescence, though in the case of 
tektites the irradiation is not necessarily 
attributable to cosmic rays because there 
is a fairly high content of radioelements. 

Quantitative data on the content of 
radioelements in tektites were given by 
several speakers. John A. S. Adams 
(Rice Institute) reported extensively on 
the thorium and uranium contents of 
tektites. Most tektites have between 1 and 
2 parts of uranium per million and have 
thorium-uranium ratios of about 7 to 1. 
Libyan Desert silica-glass has somewhat 
less than 1 part of uranium per million, 
whereas americanite has more than 18 
parts per million. Similar results were 
obtained by Friedman (U.S. Geological 
Survey), whose paper is mentioned be- 
low. Adams found that most tektites 
have about 2.5 percent potassium. Wil- 
liam H. Pinson (Massachusetts Institute 
of Technology) and Leonard F, Herzog 
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(Pennsylvania State University) showed 
in their paper, also mentioned below, 
that the potassium and rubidium con- 
tents of tektites are remarkably constant 
at about 2.5 percent’and 0.01 percent, 
respectively. 

Friedman’s paper, titled “Water, gas, 
and uranium content of some tektites,” 
indicated that tektites have low water 
content, in contrast to other character- 
istics that indicate similarity to cbsidians. 
Most tektites have between 20 and 100 
parts of water per million whereas ob- 
sidians have from 800 to 3500 parts per 
million. The Libyan glass has somewhat 
higher water content (more than 700 
ppm) and moldavites considerably lower 
(3 to 5 ppm) than the other tektites, 
Hydrogen and other noncondensable 
gases are lacking. The deuterium-hydro- 
gen ratio of the tektite waters is in the 
range of that of terrestrial waters. The 
indications are that tektites were melted 
in the absence of water (this supports the 
assumption that they are of nonterres- 
trial origin) or were heated to a tem- 
perature in excess of 2000°C in a ter- 
restrial environment. 

Various age determination methods 
involving radioactivity are being applied 
to tektites. H, E. Suess (Scripps Oceano- 
graphic Institute) reviewed the potas- 
sium-argon work, which has given upper 
age limits of several million years, It 
may be possible to date the solidifica- 
tion of tektites as glass by this method. 
More sensitive methods now available 
might give actual values rather than lim- 
its for this age for various tektites. Pin- 
son and Herzog, whose paper was titled 
“Rubidium-strontium ages of tektites,” 
observed rather uniform radiogenic 
strontium-87 abundance in several tek- 
tites. Because the proportion of radio- 
genic strontium-87 to total strontium-87 
is very small, the rubidium-strontium 
ages are highly uncertain and are very 
sensitive to the model chosen for the 
reservoir material from which the tektite 
specimen separated. For example, if the 
material of tektites was fractionated from 
average terrestrial material, their ages 
would be about 400+ 200 million years. 
(Work done since the conference has re- 
vealed a systematic error in the stron- 
tium isotope results reported. Strontium- 
87/strontium-86 ratios in eight tektite 
samples from widely scattered localities 
are nearly identical, and equal to the 
ratio found in present day “common” 
strontium. The rubidium-strontium ages 
of all samples are thus in the range 
10+ 75 million years; in agreement with 
potassium-argon age data.) The isotopic 
composition of lead from tektites was 
discussed by George Tilton (Carnegie 
Institution of Washington). The lead 
from an australite was found to be al- 
most identical with average modern ter- 
restrial lead and totally unlike any mete- 
orite lead. 





Publication plans. The majority of the 
papers presented at the conference will 
be published in one issue of Geochimica 
et Cosmochimica Acta, to appear prob- 
ably early in 1958. 

General recommendations. H. Otley 
Beyer (University of the Philippines, 
Manila), in a letter to the chairman of 
the conference, pointed out that it is 
often difficult to learn the names and ad- 
dresses of people currently engaged in 
tektite research. As a result, the confer- 
ence approved his suggestion that a di- 
rectory of those actively interested in 
tektites be compiled. It is expected that 
this directory will facilitate exchange of 
ideas, reprints, and specimens. All inter- 
ested persons should write to E. P. Hen- 
derson, U.S. National Museum, Smith- 
sonian Institution, Washington 25, D.C., 
describing their current work on, and in- 
terest in, tektites. 

The conference chairman suggested 
that, in view of the difficulty most work- 


ers experience in obtaining specimens of - 


tektites, a central clearinghouse for speci- 
mens be established to help serious 
students obtain material for their experi- 
mental work. The Smithsonian Institu- 
tion is being asked to act as agent in 
these transactions. Several of those pres- 
ent felt that their respective institutions 
would be willing to subscribe funds for 
the purchase of specimens for this pur- 
pose, and it is hoped that a small research 
collection may be built up with such 
funds at the Smithsonian Institution. 
Through this arrangement experimental 
material could be used to full advan- 
tage, since several experiments can often 
be run on the same specimen if the se- 
quence is “programmed” correctly. 
Those interested in obtaining tektite ma- 
terial for their work should write to 
E. P. Henderson, describing their needs 
and stating whether or not they could 
reimburse the institution or offer mate- 
rial in exchange. 

Comments. The conference showed 
that definite progress is being made in 
solving some of the problems presented 
by tektites. However, the key problem— 
whether these objects are of cosmic or 
terrestrial origin—is not settled. Their 
chemical composition, the isotopic com- 
position of their lead, and the difficulty 
of explaining their distribution on astro- 
nomical grounds make a terrestrial origin 
seem likely. On the other hand, their 
cosmic-ray-induced radioactivity, their 
low water content, and the difficulty of 
explaining their distribution on geologi- 
cal grounds make a cosmic origin seem 
equally likely. 

Many of those present felt compelled 
to pursue further their investigations on 
tektites or to initiate work along new 
lines, In writing this report, we feel jus- 
tified in stressing several avenues of in- 
vestigation that seem particularly prom- 
ising for future work. 
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Additional and more intensive field 
work on the occurrences of tektites would 
be valuable. Only in the case of the 
Libyan Desert silica-glass does the true 
size and shape of the strewn field appear 
to be known. Recoveries of material from 
the ocean bottom off southern Australia, 
in the Southeast Asia area, and off the 
Ivory Coast of Africa seem to be possible 
and would be of great interest. Any pos- 
sible connection between the Libyan 
glass field and a group of craters, possibly 
of impact origin, some hundred kilome- 
ters south of the area of the glass field 
should be investigated. 

Laboratory investigations of phase 
separations in cooling silicate melts of 
low water-content should be continued 
and extended to include the effects of 
pressure. 

In connection with studies of cosmic- 
ray-induced radioactivity in tektites, 
much more extensive examination of ter- 
restrial materials is needed to determine 
exactly what their rate of production is 
at the earth’s surface as a function of 
altitude and geomagnetic latitude. In 
this connection, in addition to location, 
the altitude and probable amount of past 
overburden should be noted and re- 
corded for all meteorites and tektites 
that are collected. 

Various methods of determining age 
should be applied, with maximum pos- 
sible sensitivity and precision, to as many 
occurrences of tektites as possible. 
Knowledge of the times of the different 
processes dated by the different ap- 
proaches may help in understanding their 
history. Several specimens from each oc- 
currence should be examined, to deter- 
mine the extent of homogeneity or pos- 
sible variability. 

Quantitative astronomical studies of 
the behavior of swarms of particles in 
space should be extended to all possible 
conditions. Efforts should be made to 
learn more about the nature of the lunar 
surface and, in particular, to deduce or, 
preferably, physically sample its chemi- 
cal composition. 

The main result of the conference was 
to focus attention on tektite problems 
and to bring them to the attention of a 
wider group of scientists. The National 
Academy of Sciences, the National Re- 
search Council, and the National Science 
Foundation are to be commended and 
thanked for making the conference pos- 
sible. It is hoped that in a year or two 
another conference of more international 
scope can be arranged. 

Irvinc FRIEDMAN 

U.S. Geological Survey, 
Washington, D.C. 

TruMAN P. KoHMAN 
Carnegie Institute of Technology, 
Pittsburgh, Pennsylvania 

WiiuraM A, Cassipy 
Pennsylvania State University, 
University Park, Pennsylvania 





Society Elections 


™American Society of Parasitologists: 
pres., Arthur C. Walton, Knox College; 
pres.-elect, Aurel O. Foster, U.S. De- 
partment of Agriculture; vice pres., Ray- 
mond M. Cable, Purdue University; 
sec., Paul E. Thompson, Parke, Davis & 
Co.; treas., Robert M. Stabler, Colorado 
College. 


® American Chemical Society:  pres.- 
elect for 1959, John C. Bailar, Jr., Uni- 
versity of Illinois; pres. 1958, Clifford F. 
Rassweiler, Johns-Manville Corp. 

Regional directors reelected are: Wal- 
lace R. Brode, National Bureau of Stand- 
ards, and William G. Young, University 
of California. 


™ Medical Library Association: pres., 
Thomas E. Keys, Mayo Clinic Library; 
pres.-elect., Isabelle T. Anderson, Den- 
ver Medical Society Library; sec., Hen- 
rietta T, Perkins, Yale Medical Library; 
treas., Pauline Duffield, Texas Medical 
Association Library. 


Forthcoming Events 


February 


1-14, Pan American Assoc. of Ophthal- 
mology, Caribbean cruise cong., sailing 
from New York, N.Y. (L. V. Arnold, 33 
Washington Sq. W., New York 11.) 

3-4, Progress and Trends in Chemical 
and Petroleum Instrumentation, Wilming- 
ton, Del. (H. S. Kindler, Instrument Soc. 
of America, 313 Sixth Ave., Pittsburgh 
22, Pa.) 

3-7. American Inst. of Electrical En- 
gineers, winter genl., New York, N.Y. (N. 
S. Hibshman, AIEE, 33 W. 39 St., New 
York 18.) 

5-7. Biophysical Soc., Cambridge, Mass. 
(A. K. Solomon, Biophysical Lab., Har- 
vard Medical School, Boston, Mass. ) 

10-14. American Soc. for Testing Ma- 
terials, St. Louis, Mo. (F. F. Van Atta, 
ASTM, 1916 Race St., Philadelphia 3, 
Pa.) 

13-15, National Soc. of Professional 
Engineers, spring, East Lansing, Mich. 
(NSPE, 2029 K St., NW, Washington 6.) 

16-20. American Inst. of Mining, Met- 
allurgical and Petroleum Engineers, an- 
nual, New York. (E. O. Kirkendall, 
AIME, 29 W. 39 St., New York 18.) 

20-21. Transistor and Solid State Cir- 
cuits Conf., Philadelphia, Pa. (J. H. Mil- 
ligan, Jr., Dept. of Electrical Engr., New 
York Univ., New York 53.) 

22-25. American Educational Research 
Assoc., St. Louis, Mo. (F. W. Hubbard, 
AERA, 1201 16th St., NW, Washington 
6.) 

24-28. American Soc. of Civil Engi- 
neers, Chicago, Ill. (W. W. Wisely, 
ASCE, 33 W. 39 St., New York 18.) 


March 


1. Junior Solar Symposium, Tempe, 
Ariz. (Association for Applied Solar En- 
ergy, 3424 N. Central Ave., Phoenix, 
Ariz.) 
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“New UNIVERSAL 
— PHOTOMETER 


For Low Level Light Measurements 





WITH 


THE MODEL 


( PH 200 
% Luminous Sensitivity: > 10-2? Lumens 


% Amplifier Stability: Better than 0.1% Full Scale 
after warmup 
% Reliability: Signal circuitry involves 
only one vacuum tube 
% Range: Density — 0 to6 
Transmittance — 10-6 to 1.0 
The Model PH 200 Photomultiplier Photo- 
meter uses the latest circuit techniques to 
provide the most reliable and flexible photo- 
meter commercially available. The instrument 
is designed to operate with all types of 
photomultiplier or phototubes and includes 
an adjustable high voltage supply. An output 
jack is provided on the rear chassis for driv- 
ing an oscilloscope or recorder. 


Price: $495.00 including detector and photo- 
multiplier tube type 931A. 


Write for complete technical information. 
Address Dept. $1 3 


Eldorado Electronic 


1401 MIDDLE HARBOR ROAD + OAKLAND, CALIF. 


VENOMS 


AAAS Symposium Volume No. 44 


6” x 9’”, 480 pp., 113 illus., 
index, cloth, Dec. 1956 


Price $9.50. AAAS Members’ 
cash order price $8.25 





First International Conference 
on Venoms, with 95 contribu- 
tors from 18 countries. Com- 
prehensive coverage of all as- 
pects of the problem. 


This book covers poisonous fishes and 
marine organisms, many species of 
venomous snakes, the Gila monster, 
toads, scorpions, spiders, caterpillars, 
wasps and other venom-bearing insects; 
hyaluronidaselike substances and other 
spreading factors in venoms; various 
chemical components of venoms, coagu- 
lant and anticoagulant factors, antigenic 
principles; various experimental and sug- 
gested clinical uses of venoms; clinical 
considerations: mortality rates, treat- 
ment of many kinds of envenomation; 
new developments in serotherapy and 
types of supplementary medication; dan- 
gers of refrigeration for treatment. 


Of special interest to: Physicians, 
pharmacologists, chemists, and zoolo- 


gists. 
AAAS 


1515 Mass. Ave., NW, Washington 5, D.C. 
10 JANUARY 1958 
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1-3. National Wildlife Federation, St. 
Louis, Mo. (E. F. Swift, NWF, 232 Car- 
roll St., NW, Washington 12.) 

3. Wildlife Soc., annual, St. Louis, Mo. 
(D. L. Leedy, U.S. Fish and Wildlife 
Service, Washington 25.) 

5-6. Gas Conditioning Conf., 7th an- 
nual, Norman, Okla. (M. L. Powers, Ex- 
tension Div., Univ. of Oklahoma, Nor- 
man.) 

6-8. Fundamental Cancer Research, 
12th annual, Houston, Tex. (W. K. Sin- 
clair, M. D. Anderson Hospital and Tu- 
mor Inst., Univ. of Texas, Houston 25.) 

6-8. Optical Soc. of America, annual, 
New York. (A. C. Hardy, Massachusetts 
Inst. of Technology, Cambridge 39.) 

10-13. American Assoc. of Petroleum 
Geologists, annual, Los Angeles, Calif. 
(R. H. Dott, AAPG, Box 979, Tulsa 1, 
Okla. ) 

10-13. Society of Economic Paleontolo- 
gists and Mineralogists, annual, Los An- 
geles, Calif. (R. H. Dott, Box 979, Tulsa, 
Okla. ) 

16-21. Nuclear Engineering and Sci- 
ence Cong., Chicago, Ill. (D. I. Cooper, 
Nucleonics, 330 W. 42 St., New York.) 

17-21. National Assoc, of Corrosion 
Engineers, 14th annual, San Francisco, 
Calif. (NACE, Southern Standard Bldg., 
Houston 2, Tex.) 

18-20. Amino Acids and Peptides, Ciba 
Foundation symp. (by invitation), Lon- 
don, England. (G. E. W. Wolstenholme, 
41 Portland Pl., London, W.1.) 

20-22. Michigan Acad. of Science, Arts 
and Letters, annual, Ann Arbor. (R. F. 
Haugh, Dept. of English, Univ. of Michi- 
gan, Ann Arbor.) 

20-22. Pulmonary Circulation Conf., 
Chicago, Ill. (Wright Adams, Chicago 
Heart Assoc., 69 W. Washington St., Chi- 
cago 2.) 

20-23. International Assoc. for Dental 
Research, annual, Detroit, Mich. (D. Y. 
Burrill, Univ. of Louisville, School of 
Dentistry, 129 E. Broadway, Louisville 2, 
Ky.) 

23-26. American Assoc. of Dental 
Schools, annual, Detroit, Mich. (M. W. 
McCrea, 42 S. Greene St., Baltimore 1, 
Md.) 

23-29. American Soc. of Photogram- 
metry, 24th annual, jointly with Ameri- 
can Cong. on Surveying and Mapping, 
18th annual, Washington, D.C. (C. E. 
Palmer, ASP, 1515 Massachusetts Ave., 
NW, Washington 5.) 

24-27. Institute of Radio Engineers, 
natl. conv., New York. (G. W. Bailey, 
IRE, 1 E. 79 St., New York 21.) 

27-29. National Science Teachers As- 
soc., 6th natl., Denver, Colo. (R. H. 
Carleton, NSTA, 1201 16 St., NW, Wash- 
ington 6.) 

29. South Carolina Acad. of Science, 
annual, Charleston. (Miss M. Hess, Dept. 
of Biology, Winthrop College, Clemson, 
S.C.) 

29-30. American Psychosomatic Soc., 
15th annual, Cincinnati, Ohio. (T. Lidz, 
551 Madison. Ave., New York 22.) 

30-3. American College Personnel As- 
soc., annual, St. Louis, Mo. (L. Riggs, 
DePauw Univ., Greencastle, Ind.) 


April 


1-3. Corrosion Control, 5th annual 
conf., Norman, Okla. (M. L. Powers, Ex- 















The WILD M-20 


Finest Swiss craftsmanship insures 
superior quality, ease of operation and 
incomparable design. The WILD M-20 
Microscope is available for 

immediate delivery. 


Sextuple revolving nosepiece is optional. 
Built-in illumination (20W). 


Beam splitting phototube permits binocular focus- 
ing for photomicrography. 


Phase contrast and other attachments for virtually 
every observation method. 


Send for Booklet M-20. 


*Quod erat demonstrandum 


Full Factory 
Services 


WILD 


INSTRUMENTS, INC. 
MAIN AT COVERT STREET, 
PORT WASHINGTON, NEW YORK 
PORT WASHINGTON 7-4843 
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tension Div., Univ. of Oklahoma, Nor- 
man. ) 

2-4. American Assoc. of Anatomists, 
annual, Buffalo, N.Y. (L. B. Flexner, 
Dept. of Anatomy, School of Medicine, 
Univ. of Pennsylvania, Philadelphia 4.) 

2-4, Instruments and Regulators Conf., 
Newark, Del. (W. E. Vannah, Control 
Engineering, 330 W. 42 St., New York 
36.) 

4-5. Southern Soc. for Philosophy and 
Psychology, annual, Nashville, Tenn. (W. 
B. Webb, U.S. Naval School of Aviation 
Medicine, Pensacola, Fla.) 

7-11. American Assoc. of Cereal Chem- 
ists, annual, Cincinnati, Ohio. (J. W. 
Pence, Western Utilization Research Lab- 
oratories, Albany, Calif.) 


8-10. Electronic Waveguides Symp., 
New York. (J. Fox, Microwave Research 
Inst., Polytechnic Inst. of Brooklyn, 55 
Johnson St., Brooklyn 1, N.Y.) 

9-12, National Council of Teachers of 
Mathematics, Cleveland, Ohio. (M. H. 
Ahrendt, NCTM, 1201 16 St NW, 
Washington 6.) 

9-14, Applied Psychology, 13th inter- 
natl. cong., Rome, Italy. (L. Meschieri, 
National Inst. of Psychology, Rome.) 

10-11. American Inst. of Chemists, an- 
nual, Los Angeles, Calif. (L. Van Doren, 
AIC, 60 E. 42 St., New York 17.) 

10-12. National Speleological Soc., an- 
nual, Gatlinburg, Tenn. (G. W. Moore, 
Geology Dept., Yale Univ., New Haven, 
Conn. ) 

















Geatures 


® Positive indexing system 


Automatic 
Fraction Collector 


= PLUG-IN CONTROL UNITS 
Metering by Volumetric Siphoning 
Constant Timing 
Drop counting 


= 24" and 15” diam. Turntables accommodating 


90 to 500 tubes of 10 to 25mm diam. 


= Automatic stop accessory turns off columns at end of run 


= Motor and drive mechanism sealed against moisture 


Write for Bulletin 1205-A 
or contact your authorized RSCo Dealer 








2005 HOPKINS ST. 


RESEARCH SPECIALTIES CO. 








PRICES FROM $438.00 





Reco division of 





BERKELEY 7, CALIF. 













10-12. Ohio Acad. of Science, annual, 
Akron, Ohio. (G. W. Burns, Dept. of 
Botany, Ohio Wesleyan Univ., Delaware, 
Ohio. ) 

11, Vitamin B-12 Symp., New York, 
N.Y. (Miss J. Watson, 451 Clarkson Ave., 
Brooklyn 3, N.Y.) 

11-12, Eastern Psychological Assoc., 
annual, Philadelphia, Pa. (G. Lane, Dept. 
of Psychology, University of Delaware, 
Newark. ) 

11-18. Horticultural Cong., 15th inter- 
natl., Nice, France. (Secretariat General, 
84, rue de Grenelle, Paris 7°, France.) 

13-14, American Soc. for Artificial 
Internal Organs, Philadelphia, Pa. (G. 
Schreiner, Georgetown Univ. Hospital, 
Washington 7.) 

13-18. American Chemical Soc., 133rd, 
San Francisco, Calif. (R. M. Warren, 
ACS, 1155 16 St., NW, Washington 6.) 

13-19, Federation of American Socie- 
ties for Experimental Biology, annual, 
Philadelphia, Pa. (M. O. Lee, FASEB, 
9650 Wisconsin Ave., Bethesda 14, Md.) 

14-16. Automatic Techniques Conf., 


Detroit, Mich. (J. E. Eiselein, RCA, Bldg. | 


10-7, Camden 2, N.J.) 

14-18. American Assoc. of Immunolo- 
gists, annual, Philadelphia, Pa. (F. S. 
Cheever, Graduate School of Public 
Health, Univ. of Pittsburgh, Pittsburgh 
13, Pa.) 

14-18. American Soc. for Experimental 
Biology, annual, Philadelphia, Pa. (J. F. 
A. McManus, Univ. of Alabama Medical 
Center, Birmingham. ) 

14-18. American Soc. of Biological 
Chemists, annual, Philadelphia, Pa. (P. 
Handler, Dept. of Biochemistry, Duke 
Univ. School of Medicine, Durham, N.C.) 

15-17. Gas Measurement, 34th annual 
conf., Norman, Okla. (M. L. Powers, Ex- 
tension Div., Univ. of Oklahoma, Nor- 
man. ) 

17-19. Association of Southeastern Bi- 
ologists, annual, Tallahassee, Fla. (J. C. 
Dickinson, Jr., Dept. of Biology, Univ. of 
Florida, Gainesville. ) 

18. Iowa Acad. of Science, annual, Des 
Moines. (C. H. Lindahl, Dept. of Mathe- 
matics, Iowa State College, Ames. ) 

18-19, Arkansas Acad. of Science, an- 
nual, Little Rock. (L. F. Bailey, Botany 
Dept., Univ. of Arkansas, Fayetteville. ) 

19-21. American College of Apothe- 
caries, Los Angeles, Calif. (R. E. Abrams, 
Hamilton Court, 39th and Chestnut St., 
Philadelphia, Pa.) 

20-22. American Assoc. of Colleges of 
Pharmacy, annual, Los Angeles, Calif. 
(G. L. Webster, College of Pharmacy, 
Univ. of Illinois, 808 S. Wood St., Chi- 
cago 12.) 

20-23. Chemical Engineering Conf, 
Canada-United States, Montreal, Quebec. 
(H. R. L. Streight, DuPont Company of 
Canada, P.O. Box 660, Montreal.) 

21-23. American Oil Chemists’ Soc., 
Memphis, Tenn. (Mrs. L. R. Hawkins, 
AOCS, 35 E. Wacker Dr., Chicago 1, 
Ill.) 

21-28. American Industrial Hygiene 
Assoc., annual, Atlantic City, N.J. (G. D. 
Clayton, George D. Clayton and Associ- 
ates, 14125 Prevost, Detroit 27, Mich. ) 

22-24, Electronic Components Symp., 
Los Angeles, Calif. (E. E. Brewer, Con- 
vair, Inc., Pomona, Calif.) 


(See issue of 20 December for comprehensive list) 
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FOR THOROUGH CLEANING PHOTOVOLT Line-Operated 
’ of Laboratory Glassware and Equipment 
; Multiplier FLUORESCENCE METER 
; NON-TOXIC FOR TISSUE CULTURE Mod. 540 
, 3 
. Y 
A for Hand Wash 
: or Hand Washing 
al 
for Mechanical and 
. for Mechanical an 
n, A 5 W h Mie 
\omatic) Automatic Washers i 
e- — i | 
al, it i 4 4 
B, 
® e High-sensitivity for measuremcnt of low concentrations 
f., for a setting for 0.001 microgram quinine sulphate) 
i. @ Micro-fluorimetry with liquid volumes as low as 1 ml 
" VIRUS TITRATIONS @ Low blank readings, strict linearity of instrument response 
; @ Universally applicable due to great variety of available fil- 
‘i Use as Test Tubes and Cul- ters, sample holders, adapters and other accessories 
_ ture Tubes. So Low In Lae e Interference filters for high specificity of results and for 
lic You Can Use Them Once an determining spectral distribution of the fluorescent light 
gh Throw Them Away! e High-sensitivity nephelometry for low degrees of turbidities 
4 the World Over e@ Fluorescence evaluation of powders, pastes, slurries, and 
tal * Sold by Dealers solids, also for spot-tests on filter paper without elution 
F. , — Write for Bulletin #392 to 
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a | PHOTOVOLT CORP. 
(P. LINBRO CHEMICAL CO., INC. 95 Madison Ave. New York 16, N. Y. 
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) @ The rapid development and extensive appli- 
the- cation of instrumental analysis has been made 
ims, possible to a large extent through the infra-red 
St., and ultra-violet transmitting optics supplied by 
f The Harshaw Chemical Co. The development of 
SO! ‘ . 
alif. the process for growing large size crystals and the 
acy, production of these synthetic crystals commer- 
Chi- cially are among the Harshaw Laboratory's im- 
portant contributions to science. 
ae Rigid control of all steps in the manufacturing 
y of process assures a uniform product of lasting 
quality. 
Soc., Sodium Chloride Silver Chloride Cesium Bromide 
kins, Potassium Bromide Calcium Fluoride Cesium lodide 
‘o 1, Potassium Chloride Lithium Flucride Thallium Bromide 
Potassium lodide Barium Fluoride lodide 
giene Your Requests for Technical Assistance and 
3. D. Price Quotations are Welcomed 
rf ®@ Write for 
- THE HARSHAW CHEMICAL COMPANY fon 32 pone 
ymp., 1945 East 97th Street, Cleveland 6, Ohio Synthetic Optical 
Crystals” 
Con- 
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EQUIPMENT NEWS 


The information reported here is ob- 
tained from manufacturers and from 
other sources considered to be reliable. 
Science does not assume responsibility 
for the accuracy of the infermation. All 
inquiries concerning items listed should 
be addressed to Science, Room 740, 11 
W. 42 St., New York 36, N.Y. Include 
the name(s) of the manufacturer(s) and 
the department number(s). 


™ PARTICLE DETECTOR is said to be sensi- 
tive to ¥2 uw particles when they are pres- 
ent in gas streams in concentrations of 


100 or more parts per million. The unit 
can be used at pressures to 10,000 Ib/in?. 
Particles present in a gas passing through 
a sampling tube pass: a photoelectric 
cell, upsetting circuit equilibrium and 
triggering an alarm mechanism. (Greer 
Hydraulics Inc., Dept. $837) 


!FLUID DISPENSER attaches to reagent 
bottles to permit finger-tip control of 
volume delivered. The delivery rate is 
adjustable from drop-by-drop to 1 
pt/min. A safety lock prevents acci- 
dental opening. (Gardner Laboratory 
Inc., Dept. S845) 





PACKARD 


AUTOMATIC 


FRACTION COLLECTORS 
for Column Chromatography 










Time, Drop Counting and Special Types 


1 Packard Automatic Fraction 
Collectors provide extremely 
precise volume measurement 
and ease of operation. 


2 Their reputation for excellent 
performance is backed by years 
of continuous service in labora- 
tories throughout the nation. 


3 Simple mechanical and elec- 
tronic design results not only 
in high reliability but also in 
initial cost economy. 


For complete information send card or letter requesting 


illustrated 4-page Bulletin 230. 


Ay Sample hold-up, mixing and 
possibility of contamination 
are all eliminated in standard 
time and drop counting 
models. There are no inter- 
mediate vessels, glass arms or 
funnels. Drops from the column 
fall directly into the test tubes. 


5 Special turntables, large pre- 
parative fraction collectors and 
various volumetric measuring 
and continuous monitoring 
devices are available. 








DEPT. A + P.O. BOX 428 + 
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Pp EL. 84-9 Instrument Company 


LA GRANGE, ILLINOIS 











@CATHODE-RAY RECORDER provides 12 
channels of simultaneous data in addi- 
tion to a calibrated linear time base and 
zero-time indication. The record is 10 
in. wide by 31% in. long. The equip- 
ment includes amplifiers, timing cir- 
cuits, automatic sequencing and control 
circuits, and a drum camera with a driv- 
ing mechanism for 3600 rev/min opera- 
tion. (Allegany Instrument Co., Inc., 
Dept. S847) 


™ LIGHT-SCATTER PHOTOMETER, for meas- 
urement of sheets and films, permits ob- 
servations to be made at angles of 0 to 
nearly 90 deg with respect to the angle 
of incidence. Diffraction and light leak- 
age effects are said to have been elimi- 
nated. (Manufacturers Engineering and 
Equipment Co., Dept. S840) 


@ VIBRATION ANALYZER measures ampli- 
tude from 0.1 to 100 mil, velocity from 
0.03 to 30.0 in./sec, and frequency from 
450 to 150,000 cy/min. A continuously 
variable filter permits separation of com- 
ponent frequencies, A stroboscope lamp 
permits visual inspection of rotating 
parts. (International Research and De- 
velopment Corp., Dept. S844) 


™ PITCH UNIFORMITY of periodic struc- 
tures is measured automatically by an 
instrument developed for evaluating 
traveling-wave-tube helices. The output 
is a pen record which reveals the devia- 
tion of each successive relevant part of 
the periodic structure from the ideal. 
Longitudinal displacements are indicated 
to an accuracy of 1 w. The device con- 
sists of an optical grating which provides 
a distance scale, an optical system for 
ascertaining the position of the part to be 
measured with respect to the chosen 
scale, and electronic means for analyzing 
and recording this information. (Bell 
Telephone Laboratories, Dept. S850) 


™ DIGITAL CLOCK covers a 24-hour period 
and furnishes digital contacts down to 
minutes for read-out into printers or 
other output devices, Also provided is 
an in-line visual display of 54-in. nu- 
merals. (Wang Laboratories, Inc., Dept. 
$851) 


™ ELECTROMETER uses vibrating condenser 
to convert d-c signals to a-c for ampli- 
fication, Input ranges are 10, 30, 100, 
300, and 1000 mv with output of 1 ma 
full scale. Zero drift is less than 100 pv 
in 12 hours. Input resistance is 101° ohm. 
Although the unit is designed for use 
with ionization chambers, it can be 
adapted for measurement of current 
from 10-* to 10-18 amp, and for meas- 
urement of resistance to 5 x 105 ohm. 
(Robertshaw-Fulton Controls Co., Dept. 
$857) 

JosHua STERN 
National Bureau of Standards 
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Immediate delivery on 


low-cost ultrasonic cleaning 
equipment you can afford! 


Priced from $175.00 — 
full 2-year warranty 





Series 600 $350 


SPECIFICATIONS 
Inside tank dimensions : 
(Model NT-602) 91/4” x 6” 
x 5”; one gallon capac- 
ity; stainless steel. 
porate oh 10” x 842” x 

115V-AC; selector 
switch to alternate be- 
tween two tanks. 
Complete unit is 
portable and compact. 


narda SONBLASTER 


Now, thanks to Narda’s mass 
production techniques, you can 
get top ultrasonic cleaning equip- 
ment with a full two year guaran- 
tee, at the lowest prices in the 
industry! What’s more, Narda’s 
new SonBlasters are available 
now — off-the-shelf — for immedi- 
ate delivery! 

Plug the Narda SonBlaster 
into any 115V-AC outlet—fill the 
tank with the cleaning solution 
of your choice and flip the 


Narda SonBlasters— a complete line of production-size units with the quality, 
power, performance, capacity and appearance of cleaners 


switch. In seconds, you'll be 
cleaning everything from hot lab 
apparatus to medical instru- 
ments, optical and technical 
glassware to clocks and timing 
mechanisms, electronic compo- 
nents and semiconductors to 
motors, relays and bearings. In 
short, you'll clean almost any 
mechanical, electrical, electronic 
or horological part or assembly 
you can think of —and do it 
faster, better and cheaper. 





selling up to three times the price. From $175 to $1200. 


For more infor- 
mation, write to: 
Dept. S-1 


we Dard: 






ultrasonics 
corporation 


HERRICKS ROAD, MINEOLA, L.I., NEW YORK 


Subsidiary of The Narda Microwave Corporation 














Self Illuminating 
7 POWER MAGNIFIER 


Thousands of satis- 
fied users among: 

e@ HOBBYISTS 

e@ STAMP COLLECTORS 
e@ MODEL BUILDERS 

e@ MECHANICS 

e@ JEWELERS 

e@ STUDENTS 

e@ LAB. TECHNICIANS N 
e ARTISTS Life Size Enlargement 
® TEACHERS E aap . 
-_ 





CUT 












CUT Ce reTE ERO ee PUVAUURA SENNA ANN URS 
wm 


A regular $9.95 value now avail- 


i i) 
' 1 
able at less than 2 former price. (J ihee.) 


This quality built POWER MAGNIFIER uses not one 
but TWO PRECISION-GROUND OPTICALLY-PER- 
FECT COATED LENSES. Magnifies with startling 
sharpness and clarity. Built-in self-illuminator uses two 
standard flashlight batteries. Opening in housing permits 
using with other instruments. Built-in gauge measures in 
inches and centimeters. 
Does not include Batteries 
Ruggedly constructed of chromed steel and 
bakelite for years of satisfactory service. 
Larger 10 Power Deluxe Model $38 
Sorry no C.O.D. 


NOVEL MFG. CO. 232nd Ave. Dept. M-2171 


New York 3, N.Y. 























of growth. 


GIBBERELLIC 
ACID (pfs) 


(practical, mixed) 


offered at reasonable prices 
by Sigma 


This remarkable plant growth 
stimulator is opening new fields 
of research into the mechanism 


New catalog in press 


—reserve your free copy now. 























Sigma now offers 


AMINO 
ACIDS 


As a convenience to our customers, 
we are now accumulating a large 
stock of L, D & DL Amino Acids. 
Every effort is being made to offer 
the highest purity at the lowest cost. 








Your inquiries, comments, and criti- 
cism of our offerings are solicited. 


TELEPHONE COLLECT 
Day, Station to Station, PRospect 1-5750 
Night, Person to Person, Dan Breida 


—WYdown 3-6418 





















SIGMA 


CHEMICAL COMPANY 














3500 DeKalb St., St. Louis 18, Mo., U.S.A. 
MANUFACTURERS OF THE FINEST BIOCHEMICALS AVAILABLE 
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ards—Klett Reagents. 


GLASS ABSORPTION 
KLETT 





Makers of Complete Electrophoresus Apparatus 


SCIENTIFIC APPARATUS 
Klett-Summerson Photoelectric Colorimeters— 
Colorimeters — Nephelometers — Fluorimeters— 
Bio-Colorimeters — Comparators — Glass Stand- 














Klett Manufacturing Co. 


179 East 87 Street, New York, New York 


U.S.A. 


















BIND °EM... 
and you'll 
find them! 


Keep your copies of SCIENCE always available for 
quick, easy reference in this attractive, practical 
binder. Simply snap the magazine in or out in a few 
seconds—no punching or mutilating. It opens FLAT 
—for easy reference and readability. Studily con- 
structed—holds 26 issues. 


This beautiful maroon buckram binder stamped in 
gold leaf will make a fine addition to your library. 
Only $3.25 postpaid; add 50¢ for orders outside 
(Personal check or money order, please.) 
Name of owner, 75¢ extra; year of issue, 50¢ extra. 


SCIENCE 


e 1515 Massachusetts Ave., NW, 
Washington 5, D.C. 








PERSONNEL PLACEMENT 














CLASSIFIED: 25¢ per word, minimum 
charge $4.25. Use of Box Number 
counts as 10 additional words. Pay- 
ment in advance is required. 

COPY for classified ads must reach 
SCIENCE 2 weeks before date of issue 
(Friday of every week). 

DISPLAY : Rates listed below—no charge 
for Box number. Monthly invoices will 
be sent on a charge account basis — 
provided that satisfactory credit is 
established. 

Single insertion 
13 times in 1 year 
26 times in 1 year 23.00 per inch 
52 times in 1 year 22.00 per inch 

For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week) 

Replies to blind ads should be addressed 
as follows: 

Box (give number) 

Science 

1515 Massachusetts Ave., NW 
Washington 5, x 


$26.00 per inch 
24.00 per inch 














iiiliii| POSITIONS WANTED fill 
RESEARCH SCIENTIST, Ph.D. Physiolo- 


gist. Excellent and unusual pre- and postdoctoral 
hybrid education and _ training. World- wide 
academic and professional experience in life 
sciences (including especially, endocrinology, 
nutrition, metabolism) as researcher, teacher, 
administrator; in animal and human experimen- 
tation. Young, adept, versatile, energetic, cre- 
ative, efficient. Desires immediate, challenging 
foreign or domestic appointment. Send complete 
details to 3034 Cazador St., Los Angeles 65, 
Calif. 1/10, 17 








iil POSITIONS WANTED || 





iii POSITIONS OPEN. |jjjjljl 





Cell Physiologist, Ph.D., tissue homogenization, 
varied biolcgical and biochemical research. Box 
M NCE 


7, SCIENCE. 





Zoologist, Ph.D., 29; teaching and research ex- 
perience. Desires academic position, Box 2, 
SCIENC xX 


Ta POSITIONS OPEN iii 


(a) Analytical Chemist, preferably with bioana- 
lytical experience, A.B. or higher degree, with 2 
to 5 years’ experience in isolation of natural 
compounds, chemical engineer experienced in 
fermentation or chemical development pilot plant 
work and microbiologist; major company ex- 
panding into fine chemical and other pharmaceu- 
tical products derived from fermentation; Pacific 
Coast. (b) Director, Agricultural Development 
Staff; D.V.M., competent public speaker re- 
quired ; considerable travel; international chemi- 
cal and pharmaceutical manufacturing company. 
(c) Bacteriologist to direct diagnostic bacteridl- 
ogy division, health department laboratories; 
East. (d) Biochemist, preferably Ph.D., cap- 
able of independent work; well-qualified person 
with master’s eligible; research project on bio- 
chemistry of myocardium; will be given time 
to conduct own projects; faculty post at univer- 
sity; Midwest. 1-2 Medical Bureau, Burneice 
Larsen, Director, 900 North Michigan, Chi- 
cago. x 











Bacteriologist. Quality control laboratory of ex- 
panding eastern pharmaceutical manufacturer 
desires M.S. in bacteriology with 4 to 5 years’ 
experience in microbiological assay to analyze 
vitamin and antibiotic products and raw mate- 
rials; 40-hour week. Educational assistance in- 
cluded in liberal benefit plan. Send complete 
résumé. Box 4, SCIENCE, x 





Physiologist; M.D., Ph.D.; 17 years research, 
administration, teaching in university, research 
institute and industry. At present research pro- 
fessor. Principal interest cardiovascular. Desires 
change in environment. Box 6, SCIENCE. X 





Biochemical Research. Postdoctoral, September 
1958; predoctoral, immediately. Lactose bio- 
synthesis, enzyme catalytic mechanism. Write 
hairman, Chemistry Department, University of 
Oregon, Eugene. x 





Botanist, male, Ph.D. Board training with com- 
peten-e in taxonomy and morphology. Field of 
research unrestricted, 

Geneticist, male, Ph.D. Plant, animal, or micro- 
bial. Permanent university positions with grad- 
uate and =e teaching = research, 
Box 8, SCIENCE 1/17, 24, 31 





Chemist, male, with B.S. or M.S. degree in 
organic chemistry, to participate in analytical 
biochemical research in mental illness in = 
tal near Philadelphia. Write stating age “r~ 
tion, experience, and salary desired to 

8507, Philadelphia 1, Pa. 12/20, 27; oP 10 





CHEMISTS AND MATHEMATICIANS; 
Ph.D. preferred; teaching and research in ex- 
panding departments ; salary dependent on ex- 
perience and other qualifications. Inquiries 
should be addressed to Chairman, Division of 
the Natural Sciences, Dillard University, New 
Orleans 22, Louisiana. 12/20, 27; 1/3, 10, 17 





Especially well-qualified MEDICAL TECH- 
NOLOGIST (man or woman) to supervise 
department of hematology. This is a senior 
position offering excellent career opportunities 
for person with experience and initiative. Newly 
exprnded laboratories directed by two full-time 
pathologists. Apply to Personnel Director, 
Mount Sinai Hospital, 908 N. 12th St., Milwau- 
kee, Wisconsin, stating all pertinent personal 
and professional details. x 





NEW WORLD-WIDE SUMMER PLACE- 
MENT DIRECTORY. Thousands of oppor- 
tunities in all states, many foreign lands for 
science teachers, and so forth, who have the 
summer free. Includes study awards, industry, 
camps, resorts, ranches, travel tour aqeacies, 
earning free trips to Europe, and so forth. Earn, 
learn, and travel while you vacation. Complete 
information, including salaries. Send $2 now. 
a a Sci., Box 99, Station G, Brooklyn 

cow 
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III POSITIONS OPEN || 


Ht 


||| POSITIONS OPEN |i 








NEUROPHARMACOLOGY 
NEUROBIOCHEMISTRY 


Unusual research opportunity for 
creative investigator at Ph.D. level in 
each field. If you are seeking a re- 
sponsible position with challenging 
work in an expanding pharmaceuti- 
cal organization, write to: 


L. H. Watson 
Smith, Kline & French Laboratories 


1530 Spring Garden Street 
Philadelphia 1, Pa. 














Qualified MEDICAL TECHNOLOGIST for 
newly expanded departmentalized laboratories 
directed by two full-time pathologists. Apply 
to Personnel Director, Mount Sinai Hospital, 
908 N. 12th St., Milw aukee, Wisconsin, stzt- 
ing all pertinent personal and professional, de- 
tails and preference for either chemistry, micro- 
biology, sero-immunology or hema itology. xX 





Teaching and Research Assistantships available 
provide partial or complete support during grad- 
uate program. Gross anatomy course to be 
offered this summer is open to graduate students 
and undergraduate students past junior year, 
and will provide basic training for tez aching _ 
those otherwise unprepared. Inquire Howard A 
Matzke, Acting Chairman, Department of Anz at- 
omy, University of Kansas, Lawrence, Kansas. 
/10, 17 








The Market Place 


BOOKS + SERVICES + SUPPLIES + EQUIPMENT 








DISPLAY: Rates listed below—no charge 
for Box number. Monthly invoices will 
be sent on a charge account basis — 
provided that satisfactory credit is 
established. 


Single insertion 
13 times in 1 year 
26 times in 1 year 
52 times in 1 year 


$26.00 per inch 
24.00 per inch 
23.00 per inch 
22.00 per inch 
For PROOFS on display ads, copy must 


reach SCIEN weeks before date 
of issue (Friday of every week). 














IillllPROFESSIONAL SERVICES| 


Microbiologist. M.S. or equivalent in microbiol- 
ogy to participate in the analysis of scientific 
data in connection with research and develop- 
ment activities of large eastern pharmaceutical 
manufacturer. Liberal benefit progra a Send 
complete personal data. Box 5, SCIENCE. 

1/17 





(a) Pharmacologist; 


direct basic, clinical, mar- 
ket research, 


development; supervise eight 
Ph.D.’s; important midwestern pharmaceutical 
company. (b) Senior Bacteriologist; California 
public certificate required; degree and _ experi- 
ence necessary; supervise ‘staff of four in clini- 
cal, research bacteriology ; large newly con- 
structed general hospital; to — progressive 
community. (c) Biochemist; M.S., responsible 
only to pathologist for department ; 300-bed 
general hospital; to $6500; Midwest. (d) Bac- 
teriologist; Ph.D. to head "clinical section, 400- 
bed general hospital, principal teaching unit 
important southeastern medical school. (e) 
Biochemist; Ph.D. experienced clinical chemis- 
try; head department, 400-bed, fully approved 
facility ; college city of 200,000. Mideast. Wood- 
ward Medical Bureau. Ann Woodward, Direc- 
tor, 185 N. Wabash Avenue, ee. c 





Physical or Photo Chemist needed by medical 
research foundation presently engaged in re 
search work in biologics and ultraviolet. Will be 
trained to assist and aid in supervision of in- 
vestigational programs. Excellent, unusual op 
portunity available. Box 315, SCIENCE. 
12/27; 1/3, 10 





Physiologists, Ph.D. Preferably with experience 
in aviation medicine to work as a team member 
in aviation research for human factors section. 
Understanding of statistical methods essential. 
Contact Mr. H. A, Bodley, Engineering Person- 
nel, CONVAIR, Fort Worth, Texas, for appli- 
cation form. 1/1? 





Radiochemist or Physician with primary interest 
in radiochemistry, radiophysics, and isotopes 
wanted at new University of Arkansas Medical 


Center. Large w ell-equipped, isotope depart- 
ment. Department of Radiology, University 
Medical Center, Little Rock, Arkansas. X 





SCIENCE TEACHERS, LIBRARIANS, AD- 
MINISTRATORS urgently needed for posi- 
tions in many states and foreign lands. Monthly 
non-fee placement journal since 1952 gives com- 
plete job data, salaries. Members’ qualifications 
and vacancies listed free. 1 issue, $1.00. Yearly 
12 issues) membership, $5.00. . 
SCI., Box 99, Station G, Brooklyn 22, N.Y. ew 


PROFESSIONAL SERVICES | 
LABORATORY SERVICES 


for the — FEED, nad and 
CHEM 

Analyses, Biclogieal Evalvation, 

Toxici Insecticide festing 

and Screeni ~ Favor Evaluation. 

Project Research and Consultation 


Write for Price Schedule 
P. O. Box 2217 © Madison 1, Wis. 




























LaWall & Harrisson 


Div. S, 1921 Walnut St., Philadelphia 3, Pa. 








Food e Drug PROBLEMS 


BACTERIOLOGICAL 


Pharmacologica 


CHEMICAL 





ijl SUPPLIES AND EQUIPMENT ||ii/ 








<a: TOXICITY TESTS | 
; following FDA procedures, for 


"3 Rue = chemicals, foods, drugs, cosmetics, 
pesticides, additives. Biological scons. 
Screening tests. Complete research and develop- 
ment services. No obligation for estimates. 
Call or write Arthur D. derrick, Director. 
NE 


W DRUG INSTITUTE 



















130 East 59 St., New York 22 * Mu 8-0640 


BEAGLES 


Healthy — AKC Registered 
immunized 
$35 to $50 each; F.O.B. Ithaca 
ITHACA DOG FARM—RR1—Ithaca, N.Y. 
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Your sets and fi, 
scientific journa. 
are needed by our li 


and insti 
fem 7 send us ling and descr vse ahi 
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et prices. Write Dept. 
Boston 20, Massachuse 
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albino rats. 


> 
*Descendants of the rs 
at oe Dawley and 
istar — 


ew aebilientent 
Rats 





@ 
HENRY L. FOSTER, aN: M. 
President and Direc 


THE CHARLES RIVER BREEDING LABS. 
P.O. Box P, Brookline 46, Mass. 
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PURINES 


and other tagged compounds 
OF HIGH RADIOPURITY 


ised ISOTOPES SeEu7#5 INC. 


P.0. Box 688, Burbank, California 











MICROSLIDES 


Insects, Marine Life, Zoological, Bo- 

tanical, British Fresh Water Algae 

FREE Send for Complete List FREE 
ESBE LABORATORY ee eerties 


459 Bloor St., 
Toronto, Ontario, b 











Special LaMOTTE Reagents 
for Analysis 
TIRON—for determination of Iron, 
Titanium, and Molybdenum 
ZINCON—for determination of Zinc 

arid Copper 
kkk 

Send for LaMotte Catalog on 
CHEMICAL CONTROLS for 
pH, Chlorine, Phosphates and 
Polyphosphates, etc. 
LaMotte Chemical Prod. Co. 

Dept. H Chestertown, Md. 














e HYPOPHYSECTOMIZED RATS 


Shipped to all points via Air Express 
For further information write 
HORMONE ASSAY LABORATORIES, Inc. 
8159 South Spaulding Ave., Chicago 29, Ill. 








ANALYTICAL GRADE 
ION EXCHANGE RESINS 


Processed from Dowex Materials 
Send for Technical Bulletin A 


Bi |p. Laboratories 


800 Del. St., Berkeley, Calif. 
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WATER FOR INDUSTRY 


Edited by Jack B. Graham, Leggeite, Brashears & Graham, New York, and 
Meredith F. Burrill, U.S. Department of the Interior. 


6 x 9 inches, 141 pages, 18 figures, index, 
clothbound, 1956. 
Price $3.75. AAAS Members’ prepaid order price $3.25. 


No. 45 in the symposium volume series of the American Association for 
the Advancement of Science. 


Industrial productivity requires material resources and human ingenuity, and, of all the 
material resources, water is used in greater amounts than any other. It constitutes in bulk by 
far the major constituent of all material commodities required by industry. Sensing the 
serious nature of the water problem in the coming years, and its pertinence not only to 
national security but also to internal economic stability, the AAAS invited a panel of experts 
to present a symposium on Water for Industry. It was arranged by the AAAS Section on 
Geology and Geography, and cosponsored by the Sections on Engineering, Industrial Sci- 
ence, the Geological Society of America, the Association of American \ieographers (New 
England Division), and the American Geophysical Union. 


The eventual solution to the problem of water for industry will .ot involve industry 
alone, for water is a common property which properly serves not one but many users, and the 
attainment of peak efficiency of water will not be easily or quickly realized; but not to strive 
for this husbanding of a vital resource would be as damaging to our national well-being as for 
a person to ignore a wound and slowly bleed to death. 


This book provides a perspective of present and impending water problems, and a wide 
audience—especially government, industry, geology and geography, and conservation groups 
—will find it valuable reading. 


Contents 
The Available Water Supply 
C. G. Paulsen, United States Geological Survey 
Water Requirements 
H. E. Hudson, Jr., Hazen and Sawyer, and Janet Abu-Lughod, American Council to Improve 
Our Neighborhoods 
Geographic Distribution of Manufacturing 
Meredith F. Burrill, Office of Geography, U.S. Department of the Interior 
Water and Steel: Fairless Works Water Supply 
Ross L. Leffler, United States Steel Corporation 
The Treatment and Disposal of Wastes in the Atomic Energy Industry 
Arthur E. Gorman, Division of Reactor Development, U.S. Atomic Energy Commission, and 
Charles V. Theis, United States Geological Survey 
Water Supply and Waste Disposal Requirements for Industry 
Sheppard T. Powell, Consulting Engineer, and E. L. Knoedler, Sheppard T. Powell 
Antipollution Legislation and Technical Problems in Water Pollution Abatement 
W. B. Hart, Pantech, Inc. 
Correction of a Fluviatile Delinquent: The Schuylkill River 
Francis A. Pitkin, Bureau of Community Development, Department of Commerce, Common- 
wealth of Pennsylvania : 
Water in the Future 
J. Russell Whitaker, George Peabody College for Teachers 
Discussion 
Gilbert F. White, Department of Geography, University of Chicago 
Felix E. Wormser, U.S. Department of the Interior 


Also available: Volume #31 (paperbound, 1932), Industrial Science — Present and Future, $2.00 


British Agents — Bailey Bros. & Swinfen, Ltd., 46 St. Giles High Street, London 


American Association for the Advancement of Science 
1515 Massachusetts Avenue, NW, Washington 5, D.C. 
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On-the-spot PHOTOMICROGRAPH: 


... ready to project in 2 minutes 


with the CENCO® Camera Support . . . 


and the new POLAROID 
Transparency System 


The spectacular new Polaroid 


Transparency System now offers you 


high quality photomicrographs 
faster, more economically than ever 


before. Teaming the regular Polaroid® 


Land Camera with the Cenco 
Micrography Camera Support, you 
can immediately photograph 


objects seen under the microscope for 


permanent record, and project the 
finished slide within two minutes. 


Research workers, students, teachers and 
amateur photographers now have a means of 
photographing grain structures of metals and alloys, 
animal and vegetable tissues, and minute organisms. 
While the specimen is still available, the operator 
knows immediately whether the proper field of 
view and correct exposure time were obtained. For 
lecture courses, slides can be produced instantly and 
projected for classroom study. (Paper prints can 
be made simply by using the same equipment, 


but another film.) 


The Cenco Micrography 


Camera Support is custom-de- 
signed specifically for use with the 
Polaroid Land Camera. Height is ad- 
justable to fit any make of microscope. 
A special viewer, which adjusts to the 
optical equivalent of the camera, is 
used to focus microscope— prior to mov- 
ing camera into position, 


Polaroid® Land 


Projection Film produces finished 
black and white slides in two sizes: 214” 
x24” and 314” x 4”, for use in lantern 
slide projectors. This panchromatic 
flm has speed, range, contrast and 
latitude to produce high detail photo- 
micrographs. (speed of 1000 daylight 
~ASA equivalent exposure index) 




























For further information, write for circular 1208P 


No. 65730 Cenco Micrography Camera Support. . $87.50 


The most complete line of 
scientific instruments and lab- 
oratory supplies in the world 


No. 65735 Polaroid Land Camera .... 


® by Polaroid Corp., Cambridge, Massachusetts 


CENTRAL SCIENTIFIC COMPANY 


General Offices and Factory—1°18-™ Irving Park Road « Chicago 13, Illinois 
Branches and Warehouses—Mountainside, N. J. e Boston e Birmingham 

Central Scientific Co, of California—Santa Clara e Los Angeles 

Refinery Supply Company—Tulsa e Houston 

Central Scientific Co. of Canada, Ltd.—Toronto « Montreal « Vancouver e Ottawa 





‘ Ss : SECTION OF RESEARCH 
SECTION OF SHOWROOM ° oe 





ORDER EDITING 


INVENTORY CONTROL 


ORDER FILLING CENTER 


A.H.T.CO. 


PHILA., USA 


LABORATORY APPARATUS 


AND DEVELOPMENT 


MAIN BUILDING 


Vhomius GIVES YOU SUPERIOR SERVICE 


You deal with headquarters 


Competent technological staff on call. 
Orders filled promptly from vast warehouse. 


You draw on large stocks 


Three to six months supplies of 22,000 items 

—mostly prepackaged—in our stock for im- 

mediate shipment. 

Widest assortments of Corning, Kimble and BIN STGCK ROOM 
Coors items available from any single source. 


You select from 1726-page 
catalogue and supplement 


An encyclopedic catalogue and supplement 
with factual, detailed descriptions—standard 
reference source throughout the free world. 


You save time and money 


Extensive pneumatic tube systems and con- 
veyors speed delivery of orders. 

More than 92% of orders shipped within two 
working days after receipt. 

Accurate invoices and packing lists. 
Substantial packing which keeps breakage 
to less than 1/20th of 1%. 

One-price policy which insures lowest prices to 
all buyers—advance quotations unnecessary. 


SHIPPING CENTER 


You are assured of satisfaction 


Stocks carefully selected and continually in- 

spected for quality and performance. 

Prompt refund for any item found to be un- cictites OF sae 
acceptable for any reason. DEPARTMENT 


ARTHUR H. THOMAS COMPANY 


More and more laboratories rely on ae Laboratory Apparatus and Reagents 


VINE ST. AT 3RD ° PHILADELPHIA 5&5, PA. 





